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ABSTRACT
AN ELECTROPHORETIC ANALYSIS OF THE GENETIC VARIATION IN THE WILD AND
CULTIVATED SOYBEAN GERMPLASM
by
MARK BESSOM GORMAN 
U n i v e r s i t y  o f  New H am pshire ,  S ep tem ber,  1983
Over 400 soybean  (G ly c in e  max (L .)  M e r r . )  c u l t i v a r s  and p l a n t  
i n t r o d u c t i o n s  and more th a n  100 w i ld  soybean  (G ly c in e  s o j a  S ieb  &
Z u cc .)  p l a n t  i n t r o d u c t i o n s  from  a  w ide g e o g ra p h ic  d i s t r i b u t i o n  were 
examined by p o ly a c r y la m id e ,  s l a b  e l e c t r o p h o r e s i s  f o r  g e n e t i c  v a r i a t i o n  
i n  15 enzymes. A llozym es f o r  25 l o c i  w ere fo u n d .  A l l  b u t  t h r e e  o f  
t h e s e  l o c i  w ere  co n f irm ed  by e x p e r im e n ta l  c r o s s e s .  A pprox im ate ly  20 
n o n - v a r i a b l e  l o c i  w ere a l s o  h y p o th e s i z e d .  Models p r e s e n t e d  e x p l a in in g  
t h e  g e n e t i c  c o n t r o l  f o r  eac h  o f  t h e  o b se rv e d  enzyme zymograms, w ere 
b ased  on i n h e r i t a n c e  s t u d i e s ,  on p a t t e r n s  o f  d i s t r i b u t i o n  o f  isozym es 
i n  v a r io u s  t i s s u e s  o r  d e v e lo p m e n ta l  s t a g e s ,  zymograms in  r e l a t e d  sp e ­
c i e s ,  in f o r m a t io n  from t h e  l i t e r a t u r e ,  and t h e  s u b c e l l u l a r  d i s t r i b u t i o n  
o f  is o z y m e s . B oth  G_. max and jG. s o j a  w ere  h i g h l y  homogeneous w i th i n  
c u l t i v a r s  o r  p l a n t  i n t r o d u c t i o n s .  However, G_. s o j a  was found to  have 
a  n in e  t im e s  g r e a t e r  o b s e rv e d  h e t e r o z y g o s i t y  ( 1 . 0 % v s .  0 . 1 1 %), a  h ig h ­
e r  e x p e c te d  h e t e r o z y g o s i t y  (12.1% v s .  10.3% ), a  s i g n i f i c a n t l y  h ig h e r  
l e v e l  o f  po lym orphism  (47% v s .  33%, a t  t h e  99% polym orphism  l e v e l ) ,  and 
a  s i g n i f i c a n t l y  h ig h e r  number o f  a l l e l e s / l o c u s  ( 1 .8  v s .  1 . 5 ) .  N e a r ly  
50% o f  th e  s h a re d  a l l e l e s  had s i g n i f i c a n t  d i f f e r e n c e s  i n  f r e q u e n c i e s .  
W hile t h e  o v e r a l l  c o r r e l a t i o n  betw een a l l e l e  f r e q u e n c i e s  was h ig h
xi
(R = .8 4 ,  f o r  v a r i a b l e  l o c i ) ,  t h i s  c o r r e l a t i o n  was red u ce d  (R = .23) 
when f r e q u e n c i e s  w ere  compared w i th i n  g e o g ra p h ic  a r e a s  o f  se e d  o r i g i n .  
A l l e l e s  w ere  more w id e ly  d i s p e r s e d  i n  G^. max, w h i le  s e v e r a l  a l l e l e s  
a l s o  a p p e a re d  to  have d i s t i n c t  d i s t r i b u t i o n  p a t t e r n s .  N o r th e a s t  China 
had s l i g h t l y  h ig h e r  l e v e l s  o f  d i v e r s i t y  f o r  G_. max, w h i le  K orea had 
s i g n i f i c a n t l y  h ig h e r  l e v e l s  f o r  <1. s o j a . These o b s e r v a t i o n s  s u g g e s t  t h a t  
d o m e s t i c a t io n  h as  re d u c e d  g e n e t i c  d i v e r s i t y ,  changed t h e  d i s t r i b u t i o n  o f  
a l l e l e s ,  and i n  many c a s e s  a l l e l e  f r e q u e n c i e s .  W hile sam p ling  e f f e c t s  
c a n ' t  be t o t a l l y  e l i m i n a t e d  from  c o n s i d e r a t i o n ,  t h e  change  in  s e l e c t i o n  
p r e s s u r e s  and m i g r a t i o n a l  i n f l u e n c e s  b ro u g h t  ab o u t  by d o m e s t i c a t io n  
w ere p ro b a b ly  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e s  o b se rv ed  amoung t h e s e  
isozym e l o c i .  W hile w i ld  soybeans  c l e a r l y  had h ig h e r  g e n e t i c  d i v e r s i t y ,  
t h e  soybean  germplasm a p p e a re d  t o  have a v e ra g e  d i v e r s i t y  r e l a t i v e  to  
o t h e r  s e l f - p o l l i n a t i n g  p l a n t s .  D ata  w ere  a l s o  in c lu d e d  f o r  u s in g  th e s e  
isozym e l o c i  i n  c u l t i v a r  f i n g e r p r i n t i n g ,  l i n k a g e  mapping and c o n s id e r i n g  
t h e  p o s s i b l e  p o ly p l o id y  o f  t h e  G ly c in e  g en u s .
xii
I. INTRODUCTION
O b je c t iv e
The main p u rp o s e  o f  t h i s  s tu d y  was t o  e s t i m a t e  and compare th e  
g e n e t i c  v a r i a t i o n  o f  c u l t i v a t e d  soybean  (G ly c in e  max (L .)  M e r r i l l )  
and i t s  w i ld  p r o g e n i t o r  (G ly c in e  s o j a  S ieb  and Z ucc .)  by e l e c t r o ­
p h o r e s i s .  B e fo re  p a r a m e te r s  o f  g e n e t i c  d i v e r s i t y  can  be  e s t i m a t e d  v i a  
e l e c t r o p h o r e s i s ,  i t  i s  n e c e s s a r y  t o  g e n e t i c a l l y  c h a r a c t e r i z e  each  en­
zy m a tic  zymogram p a t t e r n  and to  s tu d y  th e  i n h e r i t a n c e  o f  o b s e rv e d  e l e c ­
t r o p h o r e t i c  v a r i a n t s .  Thus, much o f  t h i s  d i s s e r t a t i o n  h a s  been  d ev o te d  
to  b u i l d i n g  m odels  o f  t h e  u n d e r ly i n g  g e n e t i c  c o n t r o l  f o r  ea c h  o f  t h e  
enzyme zymograms exam ined . In  t h e  p r o c e s s  o f  s tu d y in g  g e n e t i c  d i v e r s ­
i t y ,  I  hav e  a l s o  u sed  the. e l e c t r o p h o r e t i c  d a t a  o b ta in e d  to  i n v e s t i g a t e  
a s p e c t s  o f  soybean  e v o l u t i o n  and b r e e d i n g ,  in c lu d in g  t h e  u s e  o f  i s o ­
zymes in  c u l t i v a r  i d e n t i f i c a t i o n ,  l i n k a g e  mapping o f  chromosomes, and 
t h e  p o s s i b l e  p o ly p l o id y  o f  t h e  G ly c in e  g en u s .
R a t io n a l e
The c u l t i v a t e d  soybean  (G ly c in e  max) i s  one o f  t h e  most im p o r t ­
a n t  c r o p s  grown in  th e  U .S . ,  a s  w e l l  a s  t h e  w o r ld .  I t  i s  an  a n n u a l  
legume ( s u b fa m i ly  P a p i l i o n o i d e a e )  b e l i e v e d  to  be  n a t i v e  to  e a s t e r n  
A s ia ,  p ro b a b ly  n o r t h e a s t  China ( P r o b s t  and Ju d d ,  1973) . Soybeans 
have been  an  im p o r ta n t  s o u rc e  o f  d i e t a r y  p r o t e i n  f o r  c e n t u r i e s  i n  
e a s t e r n  A s ia  (Wolf and Cowan, 1975) w here th e y  a r o s e  a s  a  c u l t i v a t e d  
c rop  a round  t h e  e l e v e n t h  c e n t u r y ,  B.C. (Hymowitz, 1970),  b u t  a r e  a  
r e l a t i v e l y  new c ro p  to  t h e  American fa rm . I n  t h e  p a s t  f o u r  d eca d es  
t h e i r  a c r e a g e  has  i n c r e a s e d  s u b s t a n t i a l l y ,  s u r p a s s i n g  c o rn  i n  1979,
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2a s  t h e  l e a d in g  U .S . c ro p  in  te rm s  o f  t o t a l  fa rm  income (Cook, 1981). 
Soybeans a r e  now t h e  l e a d in g  U .S . e x p o r t  i n  c a s h  v a l u e .  Soybeans p ro  
v i d e  t h e  h i g h e s t  p r o t e i n  l e v e l  o f  any com m ercia l  c ro p  in  th e  w orld  
(40% p r o t e i n  in  s e e d s )  and have  become A m e r ic a 's  most im p o r ta n t  c rop  
p r o t e i n  s o u r c e .  Soybean s e e d s  a l s o  c o n t a in  a p p ro x im a te ly  20% o i l ,  
and 80% o f  t h e  e d i b l e  v e g e t a b l e  o i l s  now u sed  in  t h e  U .S . a r e  d e r iv e d  
from  soybean  seed  (Cook, 1981).  B ecause  o f  i t s  u s e  a s  b o th  a  p r o ­
t e i n  and o i l  s o u r c e ,  a  g r e a t  many fo o d s  a s  w e l l  a s  an im a l  f e e d s  now 
c o n t a i n  s o y b e a n -d e r iv e d  p r o d u c t s .
The p r im a ry  g o a l s  o f  r e s e a r c h  on soybeans  a r e  t o  im prove q u a l i t y  
y i e l d ,  s t a b i l i t y  and e f f i c i e n c y  o f  p r o d u c t i o n ,  b u t  p r o g r e s s  h a s  been 
s low  (C a ld w e l l ,  1973, p r e f a c e ) .  B reed in g  s u c c e s s  i n  any o f  t h e s e  
a r e a s  i s  d e p en d e n t  on g e n e t i c  d i v e r s i t y .  I f  c o n t in u e d  im provem ents 
th ro u g h  b r e e d in g  a r e  to  be  r e a l i z e d ,  b r e e d e r s  need  a w ide g e n e t i c  
b a s e ,  i n c lu d in g  " e x o t i c "  ( p r i m i t i v e )  s o u rc e s  w i th  n o v e l  g e n e t i c  make­
ups  (Bradshaw, 1980 ) .  S tu d y in g  t h e  g e n e t i c  d i v e r s i t y  o f  t h e  c u l t i ­
v a t e d  and w i ld  soybean  g e rm p la sn  i s  e s s e n t i a l  f o r  a s s e s s i n g  th e  need  
f o r  i n c o r p o r a t i n g  e x o t i c  germplasm i n t o  t h e  b r e e d in g  p r o c e s s  and 
f o r  i d e n t i f y i n g  p o s s i b l e  s o u r c e s  o f  n o v e l  g e n e t i c  t y p e s ,  w h i le  th e  
s tu d y  and d e s c r i p t i o n  o f  g e n e t i c  v a r i a t i o n  w i t h i n  and betw een s p e c i e s  
i s  t h e  fu n d a m e n ta l  i n v e s t i g a t i o n  o f  e v o l u t i o n a r y  g e n e t i c s  (L ew ontin , 
1974).
T h ere  a r e  r e l a t i v e l y  few s t u d i e s  o f  g e n e t i c  v a r i a t i o n  i n  soy­
b ean s  and t h e i r  w i ld  r e l a t i v e s ,  such  a s  G_. s o j a , compared w i th  th e  
o t h e r  economic p l a n t  s p e c i e s  (Brown, 1978, 1979 ) .  W hile t h e  morph­
o lo g y  (C a r ls o n ,  1973),  taxonomy and c y to lo g y  (H adley  and Hymowitz, 
1973; Hymowitz, 1970) o f  t h e  s p e c i e s  have been  re v ie w e d ,  g e n e t i c
3s t u d i e s  a t  t h e  p o p u l a t i o n  l e v e l  have  n o t  been  e x t e n s i v e .  Q uant­
i t a t i v e  a s se m e n ts  o f  g e n e t i c  d i v e r s i t y  i n  G_. max c u l t i v a r s  have  been  
made (L u e d d e rs ,  1979).  I n  a d d i t i o n ,  s e v e r a l  r e s e a r c h e r s  have examined 
th e  USDA GL max and _G. s o j a  germplasm c o l l e c t i o n  f o r  v a r i a t i o n  i n  
s p e c i f i c  t r a i t s  i n c l u d i n g  e l e c t r o p h o r e t i c  l o c i  (Hymowitz, 1973; 
H i ld e b ra n d  and Hymowitz, 1981b; K iang , 1980, 1981; Kiang e t  a l . ,  1981; 
Hymowitz e t  a l . ,  1978; and Buzzfell a d . ,  1974).  However, t h e r e  h as  
been  o n ly  one p r e v io u s  p o p u la t io n  s tu d y  exam in ing  q u a l i t a t i v e  g e n e t i c  
v a r i a t i o n  betw een G^. max and £ .  so.j a  (B r io c h  and P a lm er ,  1981) . They 
s tu d i e d  t h e  v a r i a t i o n  and d i s t r i b u t i o n  o f  n i n e  m o rp h o lo g ic a l  and 
f l a v a n o l  g l y c o s i d e  l o c i  in  G_. max and G_. so.j a  c o l l e c t i o n s .  The i n ­
v e s t i g a t i o n s  d e s c r ib e d  i n  t h i s  d i s s e r t a t i o n  w i l l  expand t h i s  im p o r ta n t  
l i t e r a t u r e .
I n  1970, R .L . B e rn a rd  o f  t h e  U .S . R e g io n a l  Soybean Lab i n  U rbana ,
1 1 1 . ,  e s t i m a t e d  t h a t  95% o f  t h e  c o m m erc ia l ly  grown soybean  c u l t i v a r s  
i n  t h e  U .S . had t h e i r  m a te r n a l  p a r e n t a g e  from j u s t  seven  p l a n t  i n t r o ­
d u c t io n s  (L u e d d e rs ,  1979 ) .  S in c e  1970, a lm o s t  a l l  o f  t h e  new c u l t i ­
v a r s  r e l e a s e d  hav e  u t i l i z e d  e x i s t i n g  c u l t i v a r s  a s  t h e i r  p a r e n t a l  
s o u rc e  (Hymowitz e t  a l . ,  1977).  I t  h a s  become u r g e n t  to  s tu d y  t h e  
g e n e t i c  s t r u c t u r e  o f  t h e  soybean  germ plasm , i n  p a r t i c u l a r  G_. so.j a , 
w hich  may p r o v id e  a  new g e n e t i c  r e s o u r c e  f o r  soybean  improvement 
(H a r la n  and DeWet, 1971).
G ly c in e  s o j a  S ie b  and Z u c c . ,  f o r m e r ly  known a s  (5. u s s u r i e n s i s  
(R ega l and M aack), i s  c o n s id e r e d  t h e  p r o g e n i t o r  o f  t h e  modern c u l t ­
i v a t e d  so y b ean ,  G_. max (K arasaw a, 1936) . I t  i s  an  a n n u a l  tw in in g  v i n e  
w i th  s m a l l  d a rk  brown o r  b l a c k  s e e d s .  The f lo w e r  h a s  a  p u r p l e  c o r ­
o l l a  and i t s  m orphology re s e m b le s  t h a t  o f  t h e  c u l t i v a t e d  so y b ean .  I t
4grows w i ld  i n  f i e l d s ,  t h i c k e t s ,  hedgerow s, r o a d s i d e s  and r i v e r  banks 
th ro u g h o u t  J a p a n ,  t h e  K orean p e n i n s u l a ,  Taiwan, and th e  e a s t  A sian  
m a in lan d  from  t h e  Amur r i v e r  r e g io n  o f  S i b e r i a ,  s o u th  i n t o  c e n t r a l  
China (Hermann, 1962 ) .  G_. max and G^. so.j a  have  t h e  same chromosome
number (2N = 40) (Hymowitz, 1970) and i n t e r c r o s s  f r e e l y ,  p ro d u c in g  
f u l l y  f e r t i l e  o r  p a r t i a l l y  f e r t i l e  p ro g en y  (Fukuda, 1933; K arasaw a, 
1936; T in g ,  1946; Weber, 1950; Hymowitz, 1976).  At l e a s t  one chromo­
some t r a n s l o c a t i o n  and one o r  more i n v e r s i o n s  i n  some G_. s o j a  l i n e s  
r e d u c e  t h e  f e r t i l i t y  o f  some F^ p ro g en y  (D elannay  et^ a l . , 1982 ) .
I t  h a s  been  s u g g e s te d ,  b a s e d  on c y t o g e n e t i c ,  m o rp h o lo g ic a l  and h y ­
b r i d i z a t i o n  s t u d i e s  t h a t  (J. max and _G. so.j a  can  be  c o n s id e r e d  a s  t h e  
same s p e c i e s  (Hymowitz, 1970; H a r la n  and DeWet, 1971).  However, 
c l u s t e r  a n a l y s i s  (B r io c h  and P a lm e r ,  1980) h a s  shown t h e  two to  be 
m o rp h o lo g ic a l ly  d i s t i n c t  e n t i t i e s .  A t h i r d  s p e c i e s ,  (?. g r a c i l i s  
( S k v o r t z ) , grow ing a s  a  weed in  c u l t i v a t e d  f i e l d s ,  h a s  been  r e p o r t e d ,  
b u t  Hermann (1 9 6 2 ) ,  Hymowitz (1 9 7 0 ) ,  and B r io c h  and P alm er (1980) 
hav e  c o n s id e r e d  i t  a s  a  p h en o ty p e  p roduced  by n a t u r a l  o u t c r o s s i n g  
be tw een  G_. max and _G. so.j a . The g e n e t i c  r e l a t i o n s h i p s  w i t h i n  t h e  
G ly c in e  genus have  lo n g  been  o f  i n t e r e s t  to  soybean  b r e e d e r s  (B r io c h  
and P a lm er ,  1980 ) .  T h is  d i s s e r t a t i o n  a d d r e s s e s  t h e  g e n e t i c  r e l a t i o n ­
s h ip  be tw een  J3. max and G. so.j a , w hich  t o g e t h e r  form t h e  a v a i l a b l e  
gene  p o o l  o f  t h e  d o m e s t ic  soybean  (H a r la n  and DeWet, 1971),  a s  w e l l  
a s  a t t e m p t in g  t o  q u a n t i f y  t h e  d e g re e  and d i s t r i b u t i o n  o f  n o v e l  
g e n e t i c  v a r i a t i o n  i n  G_. so.j a .
L i t t l e  know ledge o f  t h e  g e n e t i c s  o f  soybeans  h as  a c c u m u la te d ,  
r e l a t i v e  to  o t h e r  c ro p s  b e c a u se  soybeans  r i s e  to  prom inence  in  w e s t ­
e r n  a g r i c u l t u r e  h as  been  r e l a t i v e l y  r e c e n t  ( s i n c e  th e  1 9 4 0 's )  and be­
5c a u se  th e y  make d i f f i c u l t  e x p e r im e n ta l  o rg a n is m s .  For exam ple ,  soy ­
beans  hav e  2 0  chromosome p a i r s  and t h u s ,  2 0  l i n k a g e  g ro u p s ,  y e t  o n ly  
11 have  been  i d e n t i f i e d  to  d a t e  (D evine e t  a l . , 1983b) Corn and 
o a t s  w ere e x t e n s i v e l y  mapped by t h e  1 9 3 0 's  and 1 9 4 0 's .  Knowledge o f  
gene l o c a t i o n  and th e  p h y s i c a l  r e l a t i o n s h i p s  be tw een  g en es  (m app ing),  
p a r t i c u l a r l y  f o r  b io c h e m ic a l  l o c i ,  w i l l  be o f  g r e a t  v a l u e  in  m o le c u la r ,  
c y t o l o g i c a l  and c l a s s i c a l  soybean  b r e e d in g  s t u d i e s .  Most g e n e t i c
s t u d i e s  i n  soybeans  have  been  done on m o rp h o lo g ic a l  and p h y s i o l c g i c a l  
t r a i t s ,  and th e  p r o g r e s s  o f  s tu d y  h a s  b een  h in d e re d  by t h e  l i m i t e d
number o f  t r a i t s  i d e n t i f i a b l e .  With e l e c t r o p h o r e s i s ,  gene p r o d u c ts  
a r e  d i r e c t l y  s e p a r a t e d  and v i s u a l i z e d ;  t h e r e f o r e  many gene  l o c i  can 
be s t u d i e d .  E l e c t r o p h o r e s i s  h a s  been  w id e ly  u sed  f o r  s t u d i e s  o f  
g e n e t i c  v a r i a t i o n  s i n c e  L ew ontin  and Hubby (1966) and H a r r i s  (1966) 
f i r s t  a p p l i e d  t h e  t e c h n iq u e  to  s tu d y  g e n e t i c  v a r i a t i o n  o f  D ro s o p h i la  
and human p o p u l a t i o n s .  Thus, e l e c t r o p h o r s i s  o f f e r s  an  e x c e l l e n t  t o o l ,  
n o t  o n ly  f o r  s tu d y in g  g e n e t i c  v a r i a t i o n  i n  so y b ean ,  b u t  h av in g  th e  add­
ed a d v a n ta g e  o f  i d e n t i f y i n g  many new l o c i  w i th  known gene  p r o d u c t s .  
T hese  new ly i d e n t i f i e d  l o c i  w i l l  b e  v a l u a b l e  f o r  o t h e r  g e n e t i c  and 
b re e d in g  s t u d i e s  w i th  so y b e a n s ,  such  a s  l i n k a g e  mapping (K iang and 
Gorman, 1983).
L a s t l y ,  t h i s  d i s s e r t a t i o n  w i l l  o f f e r  an  i n v e s t i g a t i o n  o f  th e  
e f f e c t s  o f  t h e  d o m e s t i c a t io n  p r o c e s s .  I n  s tu d y in g  g e n e t i c  v a r i a t i o n  
in  b o th  t h e  w i ld  and c u l t i v a t e d  soybean  germ plasm , i t  i s  p o s s i b l e  to  
exam ine w h e th e r  a r t i f i c i a l  (by man) s e l e c t i o n ,  m i g r a t i o n  and random 
f o r c e s  hav e  r e s u l t e d  i n  d i f f e r e n t  gene f r e q u e n c i e s ,  o r  a l l e l e s  be ­
coming f i x e d  f o r  e l e c t r o p h o r e t i c  l o c i .  I f  t h e  e l e c t r o p h o r e t i c  l o c i  
examined have  no f i t n e s s  e f f e c t s ,  th e n  o n ly  random sam pling  e f f e c t s
6( g e n e t i c  d r i f t  and f o u n d e r s  e f f e c t )  o r  t h e i r  t i g h t  l i n k a g e  w i th  
agronom ic  l o c i  sh o u ld  d i f f e r e n t i a t e  th e  w i ld  and c u l t i v a t e d  t y p e s .  
However, i f  th e y  have  f i t n e s s  e f f e c t s ,  th e n  t h e  d i f f e r e n c e  be tw een  
a r t i f i c i a l  and n a t u r a l  s e l e c t i o n  and m i g r a t i o n  may have  d i f f e r e n t i a t e d  
_G. max and jG. so.j a . W hile  t h e s e  q u e s t i o n s  can  n o t  be  d e f i n i t i v e l y  
r e s o l v e d ,  I  t h i n k  th e y  a r e  o f  p r a c t i c a l  im p o r ta n c e  in  soybean b r e e d in g  
and o f  academ ic  v a l u e ,  and sh o u ld  b e  a d d r e s s e d .
A ssum ptions
I  hav e  made two b a s i c  a s su m p tio n s  i n  u n d e r t a k in g  t h i s  p r o j e c t .
The f i r s t  u n d e r l i e s  t h e  r a t i o n a l e  f o r  t h e  d i s s e r t a t i o n .  T ha t i s ,  t h a t  
g e n e t i c  v a r i a t i o n  i s  n e c e s s a r y  i n  b r e e d in g ,  and t h a t ,  a t  l e a s t  i n  th e  
lo n g  r u n ,  t h e  more g e n e t i c  v a r i a t i o n  i n  a germplasm p o o l ,  t h e  b e t t e r .  
Thus, r e g a r d l e s s  o f  t h e  a c t u a l  e s t i m a t e s  o f  p a r a m e te r s  o f  g e n e t i c  
d i v e r s i t y  o b t a in e d ,  i t  i s  o f  v a l u e  s im p ly  t o  i d e n t i f y  germplasm s o u rc e s  
w i th  n o v e l  g e n e t i c  v a r i a t i o n  ( s e e  G ates and B o u l t e r ,  1979, f o r  an
exam ple o f  t h e  u s e  o f  e l e c t r o p h o r e s i s  i n  i d e n t i f y i n g  n o v e l  germplasm
s o u rc e s  i n  b ro a d -b e a n  b r e e d i n g ) .
The second  b a s i c  a s su m p tio n  d e a l s  w i th  t h e  u s e  o f  e l e c t r o p h o r e s i s  
t o  e s t i m a t e  g e n e t i c  d i v e r s i t y .  I  am assum ing t h a t  h e r i t a b l e  d i f f e r ­
en c e s  i n  p r o t e i n s ,  a s  d e t e c t e d  by e l e c t r o p h o r e s i s ,  a r e  a  v a l i d  e s t im a ­
t o r  o f  soybean  g e n e t i c  d i v e r s i t y ,  i n  g e n e r a l .  That i s ,  t h a t  t h e r e  
i s  n o th in g  u n iq u e  a b o u t  t h e  enzyme l o c i  s t u d i e d ,  b u t  t h a t  th e y  a r e  a
random sam ple  o f  t h e  l a r g e r  p o o l  o f  a l l  soybean l o c i  a f f e c t i n g  phen­
o t y p i c  p e r fo rm a n c e  ( f i t n e s s )  u n d e r  n a t u r a l  o r  a g r i c u l t u r a l  c o n d i t i o n s .  
For t h i s  a s su m p tio n  to  be  c o r r e c t ,  t h e  enzymes u sed  must be chosen  
w i th o u t  b i a s ,  such  a s  p r i o r  know ledge o f  polym orphism  (L ew o n tin ,  1974) . 
E l e c t r o p h o r e t i c  l o c i  a l s o  m u s t ,  on t h e  a v e ra g e ,  be s u b j e c t  t o  t h e
7same s e l e c t i o n  p r e s s u r e s  a s  a r e  o t h e r  soybean  l o c i .  The q u e s t i o n  o f  
w h e th e r  e l e c t r o p h o r e t i c a l l y  d e t e c t e d  enzyme v a r i a n t s  a r e  g e n e r a l l y  
s e l e c t i v e l y  n e u t r a l ,  o r  w h e th e r  th e y  g e n e r a l l y  do have f i t n e s s  e f f e c t s  
and a r e  s u b j e c t  t o  s e l e c t i o n ,  i s  s t i l l  d e b a t a b l e  (K imura, 1979; H a r t l  
and D ykhu izens 1981; D ykhuizen  and E a r t l ,  1980).  In  my o p in i o n ,  t h e  
m a j o r i t y  o f  e v id e n c e  f a v o r s  t h e  v iew  t h a t  most e l e c t r o p h o r e t i c  v a r i a n t s  
do a l t e r  t h e  u l t i m a t e  f i t n e s s  o f  i n d i v i d u a l s  (C avener and C leg g ,  1981; 
K a h le r  e t  a l . ,  1980; A y a la ,  1976; L ew on tin ,  1974; J o h n so n ,  1976:
K re itm an  and L ew o n tin ,  1983 ) .  I n  t h e  c a s e  o f  so y b e a n s ,  assum ing  th e  
s e l e c t i o n i s t  v ie w p o in t  a l lo w s  f o r  a  d i r e c t  e x t r a p o l a t i o n  o f  e l e c t r o ­
p h o r e t i c  d i v e r s i t y  e s t i m a t e s  t o  m easurem ents  o f  p h e n o ty p ic  o r  agronom ic  
d i v e r s i t y .  Agronomic d i v e r s i t y  i s  u se d  h e r e  a s  t h e  g e n e t i c  d i v e r s i t y  
o f  l o c i  a f f e c t i n g  ag ronom ic  p re fo rm a n c e .  However, even  i f  many e l e c t r o -  
morphs a r e  s e l e c t i v e l y  n e u t r a l ,  t h e i r  d i v e r s i t y  l e v e l s  m igh t s t i l l  
c o r r e l a t e  w i t h  t h e  l e v e l  o f  d i v e r s i t y  f o r  t h e  t o t a l  gene p o o l .
I t  h a s  been  s u g g e s te d  (Jo h n so n ,  1973a, b ,  1976) t h a t  enzymes w ith  
d i f f e r e n t  p h y s i o l o g i c a l  f u n c t i o n s  (such  a s  s u b s t r a t e  s p e c i f i c  compared 
w i th  n o n - s u b s t r a t e - s p e c i f i c ,  o r  enzymes w i th  key r e g u l a t o r y  r o l e s  in  
c e n t r a l  m e ta b o lism  compared w i th  n o n - r e g u l a t o r y  r o l e s  in  s e c o n d a ry  
m e tab o lism ) may have  i n h e r e n t l y  d i f f e r e n t  l e v e l s  o f  g e n e t i c  v a r i a t i o n .  
Enzymes w i th  l a r g e r  monomers have  been  s u g g e s te d  a s  b e in g  more p o ly ­
m orph ic  th a n  s m a l le r  o n e s ,  and monomeric enzymes have been  im p l i c a te d  
a s  b e in g  more p o ly m o rp h ic  th a n  enzymes made up o f  two o r  more s u b u n i t s  
(K imura, 1979).  I t  h a s  a l s o  been  s u g g e s te d  ( G o t t l i e b  and Weeden, 1981) 
t h a t  n u c l e a r  l o c i  whose p r o t e i n  p r o d u c t s  f u n c t i o n  in  t h e  c y to p la sm  
w i l l  have  d i f f e r e n t  l e v e l s  o f  g e n e t i c  v a r i a t i o n  th a n  th o s e  whose p r o ­
d u c t s  f u n c t i o n  in  o r g a n e l l e s .  T h e r e f o r e ,  an  e f f o r t  h a s  been  made to
8i n c lu d e  a  w ide v a r i e t y  o f  enzym es, in c lu d in g  a  r e l a t i v e l y  e q u a l  sam ple 
o f  enzyme l o c i  from  ea c h  o f  t h e  t h r e e  p h y s i o l o g i c a l  c l a s s e s  o u t l i n e d  
by Johnson  (1 9 7 6 ) .  The s u b c e l l u l a r  a c t i v i t y  s i t e  o f  each  isozym e was 
a l s o  d e te rm in e d .  The enzymes in c lu d e d  in  t h i s  i n v e s t i g a t i o n  w ere  
chosen  p r i m a r i l y  on t h e  b a s i s  o f  t h e  a b i l i t y  o f  t h e  e l e c t r o p h o r e t i c  
t e c h n iq u e s  u sed  to  r e s o l v e  a  r e l a t i v e l y  c l e a r  z y m o g r a m ,  and w i th  a 
se c o n d a ry  e f f o r t  to  i n c l u d e  a  w ide v a r i e t y  o f  enzyme t y p e s .  N ever­
t h e l e s s ,  i f  any o f  t h e s e  h y p o th e s e s  a r e  c o r r e c t ,  a  s o u rc e  o f  e r r o r  
h a s  been  in t r o d u c e d ,  s i n c e  i t  i s  n o t  known w hich  enzyme ty p e ,  o r  p r o ­
p o r t i o n  o f  t y p e s ,  i s  most c h a r a c t e r i s t i c  o f  soybean  l o c i  i n  g e n e r a l .
E l e c t r o p h o r e t i c  b an d s  w i th  i d e n t i c a l  m i g r a t i o n  in  a g e l  may b e  
t h e  p r o d u c t s  o f  more th a n  one a l l e l e  b e c a u s e  : ( 1 ) synonomous t r i p l e t s
code f o r  t h e  same amino a c i d ,  ( 2 ) some amino a c i d  s u b s t i t u t i o n s  do 
n o t  change  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  o f  p r o t e i n s ,  and (3) I  have 
employed a  s im p le ,  s t a n d a r d  e l e c t r o p h o r e t i c  t e c h n iq u e .  T h e r e f o r e ,  
t h e  e l e c t r o p h o r e t i c  t e c h n iq u e  I  u s e d  i s  l i k e l y  t o  u n d e r e s t im a te  
g e n e t i c  v a r i a t i o n ,  b u t ,  p re su m a b ly ,  i t  does  so by an  e q u a l  amount f o r  
b o th  G. max and J3. so . ja . R ecen t s t u d i e s  by A ya la  (1982a) and 
Ramshaw e t  a l .  (1980) h a v e  i n d i c a t e d  t h a t  s t a n d a r d  e l e c t r o p h o r e s i s  
t e c h n iq u e s  do d e t e c t  m ost amino a c i d  s u b s t i t u t i o n s ,  n o t  j u s t  t h o s e  
in v o lv in g  a  n e t  change  i n  c h a r g e .  However, i t  i s  p o s s i b l e  t h a t  t h e  
t e c h n iq u e  I  employed may g iv e  lo w er  e s t i m a t e s  o f  d i v e r s i t y  th a n  more 
s o p h i s t i c a t e d  e l e c t r o p h o r e t i c  p r o c e d u r e s  employed in  making d i v e r s i t y  
e s t i m a t e s  w i th  some o t h e r  s p e c i e s .
C l a r i f i c a t i o n s
I  w i l l  b e  u s in g  t h e  te rm s  c u l t i v a t e d  soybean  and G_. max, a s  w e l l  
a s  w i ld  soybean  and G_. so.j a i n t e r c h a n g e a b l y ,  w h i le  t h e  te rm  soybean
9w i l l  r e f e r  j u s t  to  (3. max. The te rm  isozym e w i l l  be  u sed  to  r e f e r  to  
any  m o l e c u l a r ly  d i s t i n c t  enzyme form s s h a r in g  a  common c a t a l y t i c  a c t ­
i v i t y ,  o c c u r r i n g  n a t u r a l l y  i n  th e  p l a n t .  The te rm  a l lo z y m e  w i l l  be  
u sed  t o  d e s c r i b e  u n iq u e  enzyme form s p roduced  by d i f f e r e n t  a l l e l e s  a t  
t h e  same lo c u s  (L ew on tin ,  1974).  The te rm  zymogram w i l l  b e  u se d  to  
r e f e r  t o  t h e  e n t i r e  e l e c t r o p h o r e t i c  b an d in g  p a t t e r n  d i s p la y e d  by a 
p a r t i c u l a r  e n zy m a tic  a c t i v i t y .  The te rm s  e le c t ro m o rp h  o r  zymogram 
v a r i a n t s  w i l l  b e  u se d  t o  d e s c r i b e  o b s e rv e d  d i f f e r e n c e s  i n  zymograms 
w i th  unknown g e n e t i c  c o n t r o l .  Each numbered zymogram ty p e  w i l l  r e f e r  
t o  an  o b se rv e d  zymogram p a t t e r n  p roduced  by a  p a r t i c u l a r  homozygous 
c o m b in a t io n  o f  a l l e l e s  a t  t h e  r e s p e c t i v e  enzyme l o c i ,  w h i le  t h e  n o t a ­
t i o n  H ty p e  zymogram w i l l  b e  u sed  to  c o l l e c t i v e l y  r e f e r  t o  a l l  
h e te ro z y g o u s  t y p e s .
I I .  MATERIAL AND METHODS
Seed Sou rce
The c u l t i v a t e d  and w i ld  so y b ean s  u sed  in c l u d e  named c u l t i v a r s  
(342 com m ercia l  l i n e s )  and p l a n t  i n t r o d u c t i o n s  (61 G_. max and 115 
_G. so.j a )  o b ta in e d  from  t h e  soybean  germplasm c o l l e c t i o n  o f  t h e  USDA, 
th ro u g h  t h e  germ plasm  c u r a t o r s  R .L . B e rn a rd ,  E .E . H a r tw ig  and T .C . K i le n .  
T h i r t y  n i n e  a d d i t i o n a l  Q .  so.j a  a c c e s s i o n s  o b ta in e d  from K orea ( th ro u g h
S. Shanmugasundaram o f  t h e  A s ia n  V e g e ta b le  R e s e a rc h  and Developm ent 
C e n t e r ) ,  w ere  a l s o  s t u d i e d  f o r  a  few enzym es. P i ' s  d e r iv e d  from  t h e s e  
a c c e s s i o n s  w ere  a l s o  o b ta in e d  th ro u g h  t h e  USDA. The USDA c o l l e c t i o n  
was d e a l t  w i th  s i n c e  t h i s  i s  t h e  m a t e r i a l  a v a i l a b l e  t o  b r e e d e r s .
From a  sam p lin g  v ie w p o i n t ,  t h e  a v a i l a b l e  USDA c o l l e c t i o n  o f  
(3. max and (3. s o j a  p l a n t  i n t r o d u c t i o n s  i s  d i s t o r t e d  f o r  two r e a s o n s .  
F i r s t ,  f o r  p o l i t i c a l  r e a s o n s ,  t h e  b u lk  o f  t h e  c o l l e c t i o n  o r i g i n a t e s  
from  Ja p a n  and S ou th  K o rea .  W hile  a  few (3. so.j a  a c c e s s i o n s ,  c o l l e c t e d  
p r i o r  to  t h e  communist r e v o l u t i o n  i n  m a in la n d  C h in a ,  have  b een  m ain ­
t a i n e d  and a  few more o b ta in e d  r e c e n t l y ,  t h e r e  i s  c l e a r l y  a  l a c k  o f  
G^. s o j a  from  m a in lan d  C h ina .  T here  a r e  no G^ . s o j a  a c c e s s i o n s  a v a i l ­
a b l e  from  N o rth  K orea . F ig u r e  1 sum m arizes t h e  o r i g i n  o f  t h e  G_. s o j a  
and (3. max p l a n t  i n t r o d u c t i o n s  u sed  i n  t h i s  i n v e s t i g a t i o n .
The second  d i s t o r t i o n  i s  t h a t  eac h  a c c e s s i o n  o r i g i n a t e d  a s  th e  
p rogeny  o f  a  s i n g l e  w i ld  p l a n t  and h a s  been  m a in ta in e d  (a  few f o r  a s  lo n g  
a s  50 y e a r s )  by s e l f  p o l l i n a t i o n  a s  p u re  l i n e s .  As th e  a c c e s s i o n s  w ere  
p r o p a g a te d ,  o b se rv e d  p h e n o ty p ic  d i v e r s i t y  was i n t e n t i o n a l l y  p a r t i t i o n e d  
i n t o  s e p a r a t e  p l a n t  i n t r o d u c t i o n  l i n e s .  Thus, th e  p l a n t  i n t r o d u c t i o n s
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G eograph ic  O r ig in s  o f  th e  £ .  max and £ .  s o j a  L in e s  T e s te d
eN o r th e a s t  China 
32, 15
N o r th e rn  
Jap an  
27, 13
Korea 
33 , 6 8
S o u th e rn  
Jap an  
26, 2 2
C e n t r a l  China
33, 6  g
The f i r s t  number u n d e r  each g e o g ra p h ic  a r e a  i s  t h e  
number o f  G.. max c u l t i v a r s  o r  D ian t  i n t r o d u c t i o n s  
exam ined , w h i le  t h e  second number i s  th e  number of 
_G. s o j a  p l a n t  i n t r o d u c t i o n s .  I n  a d d i t i o n ,  254 
G_. max c u l t i v a r s  w i th  unknown, m ixed , o r  i n d i r e c t  
o r i g i n s  w ere t e s t e d .  Fach d o t  o r  c i r c l e d  a r e a  
r e p r e s e n t s  a G_. s o j a  c o l l e c t i o n  a r e a .  M u l t i p le  
a c c e s s i o n s  were d e r iv e d  from most o f  t h e s e  c o l l e c t i o n  
a r e a s ,  w i th  one o r  more p l a n t  i n t r o d u c t i o n s  d e ­
v e lo p e d  from each, a c c e s s i o n .
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I  hav e  examined a r e  n o t  d i r e c t l y  e q u i v a l e n t  to  a  l o c a l  p o p u la t io n  o r  
even  to  a  s i n g l e  w i ld  i n d i v i d u a l .  W i t h i n - l i n e  d i v e r s i t y  and h e t e r o ­
z y g o s i t y  h as  c e r t a i n l y  been  l o s t .  I n  most c a s e s ,  each  c o l l e c t i o n  a r e a  
shown on F ig u r e  1 gave  r i s e  t o  s e v e r a l  p l a n t  i n t r o d u c t i o n s .
I n  d e a l in g  w i th  t h e  g e o g ra p h ic  o r i g i n s  o f  G_. max, many named 
c u l t i v a r s  a r e  o f  a  mixed o r  unknown o r i g i n ,  w h i le  t h e  o r i g i n  o f  many 
p l a n t  i n t r o d u c t i o n s  a r e  e i t h e r  unknown o r  s im p ly  l i s t e d  by c o u n t ry  
( i . e .  R u s s ia ,  C h ina ,  e t c . ) .  I  h a v e ,  t h e r e f o r e ,  u sed  s i x ,  m a in ly  p o l ­
i t i c a l ,  g e o g ra p h ic  a r e a s  t o  c a t e g o r i z e  t h e  o r i g i n  o f  (3. max o r  
£ .  s o j a  l i n e s  i n  t h i s  i n v e s t i g a t i o n  ( C e n t r a l  C h ina ,  N o r th e a s t  China 
(M an ch u r ia ) ,  K orea , S o u th e rn  J a p a n ,  N o r th e rn  J a p a n ,  and R u s s i a ) .  
C o n s id e r in g  t h e  m i g r a t i o n a l  f o r c e s  imposed by man on c u l t i v a t e d  soy­
b ean s  and th e  l a c k  o f  d e t a i l e d  r e c o r d s ,  any f i n e r  g e o g ra p h ic  c l a s s i f i ­
c a t i o n s  would p ro b a b ly  be  o f  l i t t l e  v a l u e .
E l e c t r o p h o r e t i c  T echn ique
Sample P r e p a r a t i o n
E xcep t f o r  s tu d y in g  t h e  t i s s u e  and s u b c e l l u l a r  d i s t r i b u t i o n  o f  
iso zy m es ,  c o ty le d o n s  from  d ry  s e e d s  o r  s e e d s  w hich had im bibed  w a te r  
o v e r n ig h t  ( i n  t h e  d a rk )  w ere  u sed  a s  t h e  sam ple m a t e r i a l .  W ith G^. max, 
o n ly  a s m a l l  p i e c e  o f  t h e  c o ty le d o n ,  c u t  o p p o s i t e  t h e  p lu m u le ,  was 
u s e d ,  so t h a t  t h e  re m a in in g  seed  c o u ld  be  grown i f  d e s ire * 1. U sing  d ry  
s e e d s  had th e  a d v a n ta g e  o f  b e in g  a b l e  to  s t o r e  t h e  re m a in in g  seed  
p r i o r  to  i t s  g e r m in a t io n ,  w h i le  s o a k in g  s e e d s  o v e r n ig h t  made sam ple 
p r e p a r a t i o n  e a s i e r .  S in c e  (Z. so.j a  s e e d s  a r e  much s m a l l e r ,  th e  e n t i r e  
c o ty le d o n s  w ere u sed  a s  sa m p le s .  Seed c o a t s  w ere  removed from  a l l  
sam p le s .  P re - s o a k e d  c o ty le d o n  sam ples  w ere ground w i th  2-4  d ro p s
(depend ing  on t h e i r  s i z e )  o f  0 . 0 0 5 M L -h is t id in e  (HC1) b u f f e r  (pH 7 .0 )
13
u s in g  g l a s s  ro d s  and p l a s t i c  p l a t e s  d r i l l e d  w i th  ro u n d ,  s h a l lo w  w e l l s .  
Dry c o ty le d o n s  w ere  soaked  in  5 -6  d ro p s  o f  b u f f e r  f o r  1-2 h o u rs  p r i o r  
to  g r i n d i n g .  A 2 X 2 cm s q u a re  o f  l e n s  p a p e r  was p la c e d  on to p  o f  
t h e  r e s u l t i n g  s l u r r y  t o  s e r v e  a s  a  f i l t e r  be tw een  t h e  s l u r r y  and 1 .5  X 
0 .5  cm b u lb o u s  p a p e r  sam ple w ic k s .  The w icks  w ere  p la c e d  on to p  o f  
t h e  l e n s  p a p e r  and a l lo w e d  to  become f u l l y  s a t u r a t e d  w i th  sam p le .
Each w e l l  c o n t a in e d  enough s l u r r y  to  s a t u r a t e  s e v e r a l  w ic k s .  Each 
w ick  was i n s e r t e d ,  w i th  f o r c e p s ,  i n t o  one o f  26 s l o t s  c u t  p e r p e n d ic u ­
l a r l y  i n t o  th e  e l e c t r o p h o r e t i c  g e l .  The s l o t s  w ere  c u t  w i th  a home­
made d e v ic e  c o n s i s t i n g  o f  a r u l e r  to  w hich  s t r i p s  o f  r a z o r  b la d e s  
were g lu e d .  S l o t s  w ere  c u t  a p p ro x im a te ly  4 cm from  one  edge o f  th e  
g e l .
Gel P r e p a r a t i o n
Two k in d s  o f  e l e c t r o p h o r e t i c  g e l s  w ere  u s e d .  One i s  7% ( f i n a l  
c o n c e n t r a t i o n  w t /v o l )  p o ly a c ry la m id e  (Cyanogum 41 from  A m erican 
Cyanamid C o . ,  o r  Sigma g e l l i n g  a g e n t ,  o r  5 4 .5 4 4 g / l  a c ry la m id e  +
1 .4 5 6 g / l  N, N ’ -m eth y len e  b i s a c r y l a m i d e  + 1 4 .Og Cyanogum 41 o r  Sigma 
g e l l i n g  a g e n t ) ,  0.1% ammonium p e r s u l f a t e ,  and 0.2% N,N,N’ ,N’ - t e t r a -  
m e th y le th y le n e  d ia m in e  (TEMED) in  0.005M L - h i s t i d i n e  (HC1) b u f f e r  
(pH 7 .0 )  t o  w hich  was added 2% Sigma, h y d r o l i z e d ,  e l e c t r o p h o r e s i s  
g ra d e  s t a r c h ,  t h a t  had been  b o i l e d  i n  2 0 % o f  t h e  h i s t i d i n e  b u f f e r  
and d e g a s s e d .  The second  ty p e  o f  g e l  l a c k e d  th e  s t a r c h .  The r a t e  
a t  w hich  a  p r o t e i n  w i l l  m i g r a t e  th ro u g h  an e l e c t r o p h o r e t i c  g e l  i s  
d ep en d e n t upon i t s  c h a rg e  and t e r t i a r y  s t r u c t u r e ,  a s  w e l l  a s  t h e  
p o re  s i z e  o f  t h e  g e l ,  t h e  t e m p e r a tu r e  o f  t h e  g e l  and th e  e l e c t r i c  
f o r c e  a p p l i e d .  D epending on th e  p o re  s i z e  u s e d ,  p r o t e i n s  d i f f e r i n g  
o n ly  by t h e i r  t e r t i a r y  s t r u c t u r e  o r  s i z e  can  b e  s e p a r a t e d .  Adding
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s t a r c h  t o  t h e  p o ly a c ry la m id e  g e l s  d e c r e a s e s  p o re  s i z e ,  r e s u l t i n g  in  
s lo w e r  m i g r a t i o n  r a t e s .  The a d d i t i o n  o f  s t a r c h  r e s u l t e d  i n  s u p e r i o r  
s e p a r a t i o n s  f o r  some o f  t h e  isozym es s t u d i e d ,  w h i le  t h e  w h i te  b ack ­
ground i t  p ro v id e d  a l s o  made zymogram bands s t a n d o u t  more c l e a r l y .
150 mg/1 n ic o t in a m id e  a d e n in e  d i n u c l e o t i d e  (NAD) was som etim es added 
to  t h e  g e l s  u sed  f o r  s tu d y in g  a l c o h o l  d e h y d ro g en a se  and m a la te  de ­
h y d ro g e n a s e ,  a s  b an d in g  i n t e n s i t i e s  w ere enhanced .
In  making g e l s ,  a l l  th e  i n g r e d i e n t s  e x c e p t  th e  TEMED w ere m ix­
ed t o g e t h e r ,  f i l t e r e d  th ro u g h  g l a s s  wool and h e a t e d  to  30 C. The 
TEMED was added l a s t ,  im m e d ia te ly  p r i o r  to  p o u r in g  th e  g e l .  S in c e  
TEMED a c t s  a s  a  c a t a l y s t  i n  t r a n s f o r m in g  t h e  g e l  s o l u t i o n  i n t o  a 
c o l l o i d ,  r a p i d  m ix in g  o f  th e  TEMED and t r a n s f e r r a l  o f  t h e  g e l  s o l u t i o n  
i n t o  t h e  g e l  m olds (one l i t e r  a t  a  t im e)  was n e c e s s a r y .  The s t a n d ­
a rd  g e l  m olds u sed  w ere  18 X 17 .5  X 1 .6  cm p l e x i g l a s s  c o n t a i n e r s  
w hich  eac h  h e ld  500 ml o f  g e l  s o l u t i o n .  O c c a s io n a l ly ,  18 X 17 .5  X 
0 .8  cm m olds h o ld in g  250 ml w ere u s e d .  Upon p o ly m e r iz a t io n  i n t o  th e  
c o l l o i d  fo rm , g e l s  w ere  co v ered  w i th  p l a s t i c  wrap and r e f r i g e r a t e d .  
G els  w ere  u s u a l l y  u se d  th e  n e x t  day .
E l e c t r o p h o r e s i s
P r i o r  t o  s t a r t i n g  th e  e l e c t r o p h o r e t i c  r u n ,  a p a i r  o f  f o r c e p s  
were d ip p e d  i n t o  a  1 % m e th y l v i o l e t  s o lu t i o n ,  and th e n  i n s e r t e d  i n t o  
g e l s  3 cm from  t h e  edge  o p p o s i t e  t h e  sam ple w ic k s .  Two p l a s t i c  t r a y s  
f i l l e d  w i th  0.13M T r i s  c i t r a t e  b u f f e r  (pH 7 .0 )  and c o n t a in in g  a 
p la t in u m  e l e c t r o d e  w ere  co n n e c te d  to  t h e  power s o u r c e .  A g e l  mold 
was p la c e d  on to p  o f  an  i c e  p ack  p o s i t i o n e d  be tw een  th e  two t r a y s .
One end o f  a  t h i n  c e l l u l o s e  sponge was th e n  p la c e d  in  each  o f  t h e  
b u f f e r  t r a y s  and t h e  o t h e r  end la p p ed  a p p ro x im a te ly  2  cm o v e r  th e
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edges  o f  t h e  g e l  mold, c r e a t i n g  a  c o m p le te  e l e c t r i c  c i r c u i t  th ro u g h  
th e  g e l .  The ends o f  t h e  sponges on t h e  g e l  w ere  h e ld  i n  p l a c e  w i th  
a  g l a s s  p l a t e ,  i n s u l a t e d  w i t h  p l a s t i c  wrap and a  second  i c e  pack  was 
p la c e d  on to p  o f  t h e  g l a s s  p l a t e .  G els  w ere  e l e c t r o p h o r e s e d  a t  150 
v o l t s  u s in g  a  c o n s t a n t  v o l t a g e  power s u p p ly  (ISCO o r  EC a p p a r a t u s ) . 
Each o f  t h e  power s u p p l i e s  was c a p a b le  o f  ru n n in g  two g e l s  s im u l t a n e ­
o u s ly .  E l e c t r o p h o r e s i s  was c o n t in u e d  a t  l e a s t  u n t i l  t h e  m e th y l  
v i o l e t  t r a c k i n g  dye had r e a c h e d  t h e  sam ple  o r i g i n ,  w i th  b e s t  r e s o l u ­
t i o n  i n  some enzymes a c h ie v e d  w i th  f u r t h e r  e l e c t r o p h o r e s i s  ( s e e  
s t a i n i n g  t e c h n iq u e s  s e c t i o n ) . E l e c t r o p h o r e t i c  r u n s  l a s t e d  be tw een  
5 and 24 h o u rs  d ep en d in g  upon t h e  g e l  ty p e  ( s t a r c h  c o n t a i n i n g  g e l s  
ru n  s l o w e r ) , t h e  g e l  t h i c k n e s s  ( t h e  t h i c k e r  g e l s  r e q u i r e d  lo n g e r  
t i m e s ) ,  and t h e  d e s i r e d  d i s t a n c e  f o r  t h e  t r a c k i n g  dye to  t r a v e l .
I c e  p ack s  w ere changed a t  l e a s t  e v e ry  10 h o u r s  t o  keep  g e l s  c o o l ,  
and f r e s h  t a n k  b u f f e r  was added f o r  v e r y  lo n g  r u n s .  G els  w ere  k e p t  
w rapped i n  p l a s t i c  and r e f r i g e r a t e d  u n t i l  th e y  w ere  s t a i n e d .
S t a i n i n g  was done w i t h i n  a  few h o u r s .
S t a i n i n g  T echn iques
A f t e r  e l e c t r o p h o r e s i s ,  each  s t a n d a r d  s i z e  g e l  was s l i c e d  h o r i z o n ­
t a l l y  i n t o  sev en  s l i c e s ,  and th e  t h i n n e r  g e l s  i n t o  t h r e e  o r  f o u r  s l i c e s .  
T h is  was done by rem oving  t h e  g e l  from th e  g e l  mold and p l a c i n g  i t  i n  
a  p l e x i g l a s s  mold w hich had 2 mm r a i s e d  edges  on two s i d e s ,  a  5 mm 
edge i n  t h e  b a c k ,  and no edge  in  t h e  f r o n t .  Then, w h i le  h o ld in g  th e  
g e l  f i r m l y  i n  p la c e  w i th  a  g l a s s  p l a t e ,  a  c h e e s e  c u t t e r ,  s t r u n g  
t i g h t l y  w i th  a  0 .009  gauge  s t e e l  g u i t a r  w i r e ,  was p u l l e d  th ro u g h  th e  
g e l .  T h is  s l i c e  would be  p e e le d  o f f  and th e  p r o c e s s  r e p e a t e d .  Each 
s l i c e ,  e x c e p t  t h e  one from  t h e  to p  o f  t h e  g e l  w hich  was d i s c a r d e d ,
i
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was th e n  u sed  t o  s t a i n  f o r  a s p e c i f i c  enzyme. A t o t a l  o f  f i f t e e n  
d i f f e r e n t  enzyme sy s tem s  w ere  s tu d i e d  : a l c o h o l  d e h y d ro g en a se  (ADH),
am ylase  (Am), a c i d  p h o s p h a ta s e  (A P), d i a p h o r a s e  ( D i a ) , g l u c o s e - 6 -  
p h o s p h a te  d eh y d ro g e n a se  (GPD), g lu ta m a te  o x a l o a c e t i c  t r a n s a m in a s e  
(GOT), i s o c i t r a t e  d e h y d ro g e n a se  (ID H ), l e u c i n e  amino p e p t i d a s e  (LAP), 
m annose-6 - p h o s p h a te  i s o m e ra s e  (M PI), m a la te  d e h y d ro g en a se  (MDH), 
ph o sphog lucom utase  (PGM), 6 - p h o s p h o g lu c o n a te  d eh y d ro g e n a se  (PGD), 
p h o sp h o g lu c o se  i s o m e ra s e  (P G I ) , p e r o x id a s e  ( P e r ) , and t e t r a z o l i u m  
o x id a s e  (TO). For sam p les  w here i t  was d e s i r a b l e  to  s t a i n  f o r  a l l  
f i f t e e n  enzymes, t h r e e  w ick s  w ere s a t u r a t e d  w i th  sam ple  and each  
p la c e d  i n t o  a  d i f f e r e n t  g e l .  Th in  g e l s  w ere  u sed  when o n ly  a  few en ­
zymes w ere  o f  i n t e r e s t  i n  th e  sa m p le s .
The b e s t  r e s o l u t i o n  f o r  enzymes h a v in g  isozym es w i th  s low  R^ 
v a l u e s  was o b ta in e d  w i th  lo n g  e l e c t r o p h o r e t i c  r u n s ,  w h i le  enzymes h av ­
in g  isozym es w i th  f a s t  R^ v a l u e s  r e q u i r e d  s h o r t e r  r u n s .  However, s i n c e  
s e v e r a l  enzymes were s t a i n e d  on d i f f e r e n t  s l i c e s  o f  t h e  same g e l ,  
com prom ises had to  be  made r e g a r d i n g  t h e  l e n g t h  o f  t h e  e l e c t r o p h o r e t i c  
r u n .  To m in im ize  th e  amount o f  com prom ise, s l i c e s  from  a  s i n g l e  g e l  
w ere  s t a i n e d  f o r  enzymes i n  one o f  t h e  f o l l o w in g  t h r e e  g ro u p s :  1 ) f o r
g e l s  g iv e n  a lo n g  e l e c t r o p h o r e t i c  ru n  ( t h e  m e th y l v i o l e t  was ru n  24 cm i n t o  
t h e  o p p o s in g  sp o n g e ) ,  ADH, Am, AP, GPD, GOT, IDH, MDH, PGI, and PGD 
c o u ld  be s t a i n e d ,  2 ) f o r  g e l s  g iv e n  a  medium l e n g t h  e l e c t r o p h o r e t i c  
ru n  ( t h e  m e th y l  v i o l e t  was ru n  up to  th e  edge  o f  t h e  o p p o s in g  s p o n g e ) ,
Am, AP, D ia ,  GPD, IDH, MDH, P e r ,  PGM, and PGI c o u ld  b e  s t a i n e d ,  
and 3 ) f o r  g e l s  g iv e n  a  s h o r t  e l e c t r o p h o r e t i c  ru n  ( t h e  m e t h y l  v i o l e t  
was ru n  to  t h e  sam ple  o r i g i n s ) ,  Am, AP, D ia ,  LAP, MPI, P e r ,  PGM, and 
TO c o u ld  be  s t a i n e d .  T h e re  was c o n s i d e r a b l e  o v e r la p  be tw een  t h e
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t h r e e  g ro u p s  a l lo w in g  f o r  some f l e x i b i l i t y .
The g e n e r a l  p r i n c i p l e  b e h in d  most o f  t h e  s t a i n i n g  p r o c e d u re s  u s e d ,  
i s  t h a t  t h e  s t a i n i n g  s o l u t i o n  c o n t a i n s  a  s u b s t r a t e  t h a t  i s  s p e c i f i c  f o r  
t h e  enzyme to  b e  a s s a y e d ,  a l l  r e q u i r e d  c o f a c t o r s  and coenzym es, and a 
dye t h a t  r e a c t s  w i th  one o f  t h e  p r o d u c t s  o f  t h e  r e a c t i o n  c a t a ly z e d  by 
th e  enzyme. At t h e  p o s i t i o n  in  t h e  g e l  t o  w hich th e  s p e c i f i c  enzyme 
h as  m ig r a te d ,  a  r e a c t i o n  t a k e s  p l a c e  t h a t  -can be w r i t t e n  a s  f o l l o w s :  
S u b s t r a t e  ■enz^mej» P ro d u c t  + dye = c o lo re d  s p o t .  Enzymes f o r  w hich a 
c o n v e n ie n t  dye i s  n o t  a v a i l a b l e  can  s t i l l  be  v i s u a l i z e d  by c o u p l in g  
t h e i r  r e a c t i o n  w i th  t h e  r e a c t i o n  o f  a  m e t a b o l i c a l l y  dow nstream  enzyme 
f o r  w hich  a  dye i s  a v a i l a b l e ,  by ad d in g  a l l  i n t e r v e n i n g  enzymes i n t o  
th e  s t a i n i n g  s o l u t i o n .  A l t e r n a t i v e l y ,  n e g a t i v e  s t a i n i n g  p ro c e d u re s  
can  be  u sed  ( su c h  a s  t h e  Am and TO s t a i n s ) . In  t h i s  c a s e  t h e  c o lo re d  
dye r e a c t s  w i th  t h e  s u b s t r a t e  f o r  t h e  enzyme w hich h a s  been  in c lu d e d  
i n  t h e  g e l ,  and a r e a s  w here  t h e  enzyme i s  a c t i v e  rem a in  c l e a r .
S e v e r a l  g e l s  w ere u s u a l l y  e l e c t r o p h o r e s e d  s im u l t a n e o u s l y ,  w i th  
th e  s l i c e s  t o  be s t a i n e d  f o r  t h e  same enzyme marked and th e n  p la c e d  
t o g e t h e r  (up t o  fo u r )  i n  a  s i n g l e  s t a i n i n g  t r a y  ( p l a s t i c  p h o to g ra p h ic  
d e v e lo p in g  t r a y s ) . A p p ro x im a te ly  50 ml o f  s t a i n  was u sed  f o r  each  
s l i c e .  The m a jo r  s o u rc e s  o f  s t a i n i n g  m e thods w ere  Shaw and P ra s a d  
(1 9 6 9 ) ,  Brew baker e t  a l .  (1 9 6 8 ) ,  and O’M alley  e t  a l .  (1 9 8 0 ) .  
S p e c i f i c a l l y ,  t h e  s t a i n i n g  m ethods and th e  g e l  ty p e s  u sed  f o r  each  
enzyme a r e  l i s t e d  be low :
1*) ADH ( e i t h e r  g e l  ty p e  w i th  NAD): Each s l i c e  was in c u b a te d
in  i s o l a t i o n ,  a t  37 C o r  room t e m p e r a tu r e  f o r  2 -3  h o u rs  i n  40 ml o f  
0.05M sodium  p h o s p h a te  b u f f e r  (pH 7 . 0 ) ,  20 mg 3 - ( 4 , 5 - d i m e t h y l t h i o z o y l -
2 ) - 2 , 5 - d i p h e n y l t e t r a z o l i u m  brom ide  (MTT), 2 mg p h e n a z in e  m e th o s u l f a t e
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(PMS), 60 mg NAD, and 10 ml 95% e t h a n o l .
2 . )  Am ( s t a r c h - l e s s  g e l ) :  Each s l i c e  was in c u b a te d  a t  37 C f o r  
30-60  m in. i n  50 ml 0.2M a c e t a t e  b u f f e r  (pH 5 . 0 ) w i th  1% p o ta to  s t a r c h .  
S l i c e s  w ere  th e n  r i n s e d  w i th  d i s t i l l e d  w a te r  and s t a i n e d  w i th  10-20 
ml o f  0.1% io d i n e  i n  0.5% p o ta s iu m  i o d i n e  s o l u t i o n .
3 . )  AP ( e i t h e r  g e l  t y p e ) i  Each s l i c e  was in c u b a te d  a t  room 
t e m p e r a tu r e  f o r  one h ou r  i n  50 ml 0.2M a c e t a t e  b u f f e r  (pH 5 . 0 ) ,  50 
mg Na a lp h a - n a p h th y l  a c i d  p h o s p h a te ,  and 50 mg b l a c k  K s a l t .
4 . )  D ia ( s t a r c h  g e l ) :  Each s l i c e  was in c u b a te d  a t  37 C 1-2 
h o u rs  i n  50 ml 0.2M T r is -H C l b u f f e r  (pH 8 . 0 ) ,  2 mg 2 , 6 - d i c h l o r o -  
p h e n o l in d o lp h e n o l ,  1 0  mg n i c o t in a m id e  a d e n in e  d i n u c l e o t i d e  re d u c e d  
form  (NADH), and 10 mg MTT.
5 . )  GPD ( s t a r c h  g e l ) :  Each s l i c e  was in c u b a te d  a t  37 C f o r  2-3  
h o u rs  i n  50 ml 0.2M T r i s -H C l  b u f f e r  (pH 7 . 1 ) ,  15 mg n i c o t in a m id e  
a d e n in e  d i n u c l e o t i d e  p h o s p h a te  (NADP), 10 mg MTT, 1 mg PMS and 160 mg 
Na2  g l u c o s e - 6 - p h o s p h a te .
6 . )  GOT ( e i t h e r  g e l  t y p e ) :  Each s l i c e  was in c u b a te d  a t  37 C 
f o r  1-2 h o u r s  i n  50 ml 0.1M T r i s  HC1 b u f f e r  (pH 8 . 0 ) ,  25 mg p y r i d o x a l -  
5 ' - p h o s p h a te ,  112 mg f a s t  b lu e  BB s a l t ,  272 mg L - a s p a r t i c  a c i d ,  and
36 mg k e t o - g l u t a r i c  a c i d .
7 . )  IDH ( s t a r c h  g e l ) :  Each s l i c e  was in c u b a te d  a t  37 C f o r
2-3  h o u rs  in  50 ml 0.2M T r is -H C l b u f f e r  (pH 8 . 0 ) ,  200 mg D L - i s o c i t r i c  
a c i d ,  10 mg NADP, 10 mg MTT, and 1 mg PMS.
8 . )  LAE ( e i t h e r  g e l  t y p e ) :  Each s l i c e  was in c u b a te d  a t  room 
te m p e ra tu r e  f o r  1-2 h o u r s  i n  50 ml 0.05M T ris-m alea te -N aO H  b u f f e r  
(pH 5 . 2 ) ,  20 mg L - le u c in e -B -n a p h th y la m id e  ( d i s o lv e d  i n  1 ml 50% 
a c e t o n e ) . The b u f f e r  s o l u t i o n  was d e c a n te d  b e f o r e  s l i c e s  w ere  s t a i n e d
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a t  room t e m p e r a tu r e  w i th  50 mg f a s t  b l a c k  K s a l t  i n  50 ml 0.05M 
T ris-m alea te -N aO H  b u f f e r  (pH 5 . 2 ) .
9 . )  MDH ( e i t h e r  g e l  t y p e ) :  Each s l i c e  was in c u b a te d  a t  37 C
f o r  3-4  h o u rs  i n  50 ml 0.05M L -m a l ic  a c i d  + 0.026M Tris-NaOH b u f f e r  
(pH 7 . 0 ) ,  15 mg MTT, 30 mg NAD, and 1 mg PMS. 10 mg NADP was added to  
v i s u a l i z e  t h e  NADP a c t i v e  MDH b a n d s .
1 0 .)  MPI ( e i t h e r  g e l  t y p e ) :  Each s l i c e  was in c u b a te d  a t  room
te m p e r a tu r e  f o r  1-2 h o u rs  in  50 ml 0.2M T r is -H C l b u f f e r  (pH 8 . 0 ) ,
20 mg m annose- 6 - p h o s p h a te ,  10 mg MTT, 15 mg NAD, 1 mg PMS,50 u n i t s  
NAD a c t i v e  g l u c o s e - 6 - p h o s p h a t e . d e h y d ro g e n a se ,  and 50 u n i t s  p h o sp h o -  
g lu c o s e  is o m e ra se .
1 1 .)  PGD ( s t a r c h  g e l ) :  Each s l i c e  was in c u b a te d  a t  room temp­
e r a t u r e  f o r  1-2 h o u rs  i n  50 ml 0.2M T r is -H C l b u f f e r  (pH 8 . 0 ) ,  20 mg 
6 -p h o s p h o g lu c o n a te ,  10 mg MTT, 10 mg NADP, 20 mg MgCl2> and 1 mg PMS.
1 2 .)  P e r  ( e i t h e r  g e l  t y p e ) :  Each s l i c e  was in c u b a te d  a t  room
te m p e r a tu r e  f o r  15-30 m in . i n  50 ml o f  0.01M o - t o l i d i n e  s o l u t i o n  and 
3 ml o f  3% H2 02 .
1 3 .)  PGM ( s t a r c h  g e l ) :  Each s l i c e  was in c u b a te d  a t  37 C f o r
3-4 h o u rs  i n  50 ml 0.2M T r is -H C l  b u f f e r  (pH 8 . 0 ) ,  15 mg NAD, 10 mg 
MTT, 100 mg MgCl2 , 1 mg PMS, 125 mg Na2  D - g lu c o s e - l - p h o s p h a t e ,  and 
100 u n i t s  NAD a c t i v e  g l u c o s e - 6 - p h o s p h a te  d e h y d ro g e n a se .
14 .)  PGI ( s t a r c h  g e l ) :  Each s l i c e  was in c u b a te d  a t  room temp­
e r a t u r e  f o r  1-2 h o u r s  i n  50 ml 0.2M T r i s -H C l  b u f f e r  (pH 8 . 0 ) ,  10 mg 
NAD, 10 mg MTT, 40 mg MgCl2 » 80 mg f r u c t o s e - 6 - p h o s p h a te  (ba r iu m
s a l t  a n h y d r o u s ) , and 50 u n i t s  NAD a c t i v e  g l u c o s e - 6 - p h o s p h a te  dehydrog ­
e n a s e .
15 .)  TO ( e i t h e r  g e l  t y p e ) :  Each s l i c e  was in c u b a te d  a t  37 C
20
f o r  up to  12 h o u rs  i n  50 ml o f  0.087M T r i s - b o r a t e  b u f f e r  (pH 9 . 0 ) ,
35 mg n i t r o  b lu e  t e t r a z o l i u m  c h l o r i d e  and 5 mg PMS.
Methods o f  D ev e lo p in g  G e n e t ic  Zymogram Models
B e fo re  p a r a m e te r s  o f  g e n e t i c  d i v e r s i t y  can  be e s t i m a t e d  w i th  
e l e c t r o p h o r e s i s ,  t h e  zymograms o b s e rv e d  f o r  ea c h  enzyme must b e  gen­
e t i c a l l y  i n t e r p r e t e d .  T ha t i s ,  a  g e n e t i c  model e x p l a in in g  t h e  u n d e r ­
l y i n g  g e n e t i c  c o n t r o l  f o r  eac h  zymogram must be  d e v e lo p e d .  I t  i s  
e s s e n t i a l  to  o b t a i n  r e a s o n a b l e  e s t i m a t e s  o f  t h e  number o f  enzyme l o c i  
in v o lv e d  i n  p ro d u c in g  a  g iv e n  zymogram and to  b e  a b l e  t o  r e c o g n iz e  
a l lo z y m e s  a t  t h e s e  l o c i .  The b e s t  way to  s tu d y  th e  g e n e t i c  c o n t r o l  
o f  zymograms i s  to  s tu d y  t h e  i n h e r i t a n c e  o f  zymogram v a r i a n t s . W ith 
zymograms i n  w hich  v a r i a n t s  a r e  am ple , i n h e r i t a n c e  s t u d i e s  can  be 
s u f f i c i e n t .  However, w i th  com plex zymograms o r  when v a r i a n t s  a r e  few, 
a s  w i th  many o f  t h e  soybean  zymograms, o t h e r  means need  to  be  employed 
to  g a i n  i n s i g h t  i n t o  t h e  g e n e t i c  c o n t r o l  o f  zymograms.
To u n d e r s ta n d  t h e  g e n e t i c  c o n t r o l  f o r  a  p a r t i c u l a r  zymogram a 
number o f  f a c t o r s  must be  c o n s id e r e d .  I t  s h o u ld  n o t  be  assumed t h a t  
e v e ry  o b se rv e d  e l e c t r o p h o r e t i c  band c o r r e s p o n d s  w i th  a  g e n e t i c a l l y  
u n iq u e  o r  n a t u r a l  isozym e. Bands may r e s u l t  from th e  i n t e r a c t i o n  o f  
p r o t e i n s  w i th  e l e c t r o p h o r e t i c  b u f f e r s  (P a rk e r  and B ea rn ,  1963 ) ,  from 
m o le c u la r  i n s t a b i l i t y  (A kroyd, 1965 ) ,  o r  from  p r o t e i n s  d i f f e r e n t i a l l y  
b in d in g  w i th  v a r i o u s  c h a rg e d  f a c t o r s  (Chen and S u t t e n ,  1967; H ie b e r t  
e t  a l . ,  1972; J a c o b se n  e t  a l . , 1972 ) .  D i f f e r e n t i a l  p o s t - t r a n s c r i p t i o n ­
a l  p r o c e s s in g  can  r e s u l t  i n  two o r  more isozym es w i th  d i f f e r e n t  mo­
b i l i t i e s ,  b u t  t h e  same g e n e t i c  o r i g i n  (Johnson  and H a r t l ,  1980 ) .  
C o n ta m in a t io n  bands  (bands p ro d u ced  by a  d i f f e r e n t  enzyme t h a n  th e  
one  b e in g  s t a i n e d  f o r )  have  a l s o  been  r e p o r t e d  (O 'M alley  e t  a l . , 1980,
21
s e e  p i t f a l l  s e c t i o n ) . Some enzyme s u b u n i t s  a r e  c a p a b le  o f  fo rm ing  a 
p o ly m e r ic  s e r i e s  (monomer, d im e r ,  t r i m e r ,  e t c . ) ,  each  w i th  a  d i f f e r e n t  
m o b i l i t y  ( P e i r c e  and B rew baker ,  1973).  L ik e w is e ,  i t  sh o u ld  n o t  be 
assumed t h a t  ev e ry  isozym e i s  t h e  p ro d u c t  o f  a  s i n g l e  enzyme l o c u s .  
P ro d u c ts  o f  two o r  more enzyme l o c i  may combine to  form m o le c u la r  
h y b r id s .  Zymograms a l s o  can  be a l t e r e d  by v a r i o u s  changes  i n  e l e c t r o ­
p h o r e t i c  p r o c e d u r e .
Each o f  t h e  f o l lo w in g  s u b - s e c t i o n s  d e s c r i b e s  a  method w hich  was 
u sed  in  t h i s  d i s s e r t a t i o n  to  h e lp  g a i n  i n s i g h t  i n t o  t h e  g e n e t i c  con ­
t r o l  o f  zymograms. U s u a l ly ,  i n f o r m a t io n  from s e v e r a l  o f  t h e s e  m ethods 
was i n t e g r a t e d  t o g e t h e r  to  p ro d u ce  each  o f  t h e  g e n e t i c  models d e s c r i b ­
ed i n  t h e  r e s u l t s  s e c t i o n .
I n h e r i t a n c e  S tu d ie s
A g e n e t i c  a n a l y s i s  to  d e te rm in e  th e  mode o f  i n h e r i t a n c e  f o r  ob­
s e rv e d  zymogram v a r i a n t s  was c o n d u c te d .  C ro s se s  be tw een  c u l t i v a r s ,  
o r  p l a n t  i n t r o d u c t i o n s ,  d i f f e r i n g  f o r  zymogram v a r i a n t s  were made.
T h is  was done by s e l e c t i n g  f lo w e r s  on f i e l d  o r  g re e n h o u se  grown p l a n t s  
w hich  had n o t  y e t  op en ed .  I n  th e  p r o c e s s  o f  rem oving p a r t  o f  th e  
c a l y c e s  and t h e  p e t a l s  f o r  c o n t r o l  p o l l i n a t i o n  w i th  w atch -m aker f o r ­
c e p s ,  no e m a s c u la t io n  was u s u a l l y  d o n e ,  s i n c e  t h e  a n t h e r s  i n  un­
opened f lo w e r s  w ere  n o t  y e t  m a tu re .  P o l l e n  c o l l e c t e d  from th e  opened 
f lo w e r s  o f  t h e  d e s i r e d  p a t e r n a l  l i n e  was th e n  p la c e d  on th e  s t i g m a t i c  
s u r f a c e  o f  t h e  p r e p a r e d  f lo w e r .  P o l l i n a t i o n s  w ere  most s u c c e s s f u l  
when done in  t h e  m id -m o rn in g s .  Once p o l l i n a t e d ,  f lo w e r s  w ere  th e n  
tag g ed  and a l l  t h e  o t h e r  f lo w e r s  on th e  same node w ere removed. F^ 
s e e d s  w ere  h a r v e s t e d  a f t e r  pods had become f u l l y  d r i e d .  F^ se e d s
o b ta in e d  w ere  th e n  grown, a l lo w in g  s e l f - f e r t i l i z a t i o n ,  and t h e i r  F£
22
o f f s p r i n g  h a r v e s t e d .  A few F£ s e e d s  w ere  a l s o  o b ta in e d  th ro u g h  co ­
o p e r a t i v e  a r ra n g e m e n ts  w i th  R.G. P a lm er a t  Iowa S t a t e  U n i v e r s i t y  and 
T .E . D ev ine  o f  t h e  B e l t s v i l l e  A g r i c u l t u r a l  R e s e a rc h  S t a t i o n .  
s eed s  w ere  examined e l e c t r o p h o r e t i c a l l y  f o r  s e g r e g a t i o n  r a t i o s .  When 
p o s s i b l e ,  o n ly  a  p i e c e  o f  c o ty le d o n  (20-25  m g s ) , c u t  o p p o s i t e  to  th e  
p lum ule  end ,  was examined and t h e  r e s t  o f  t h e  seed  grown to  p ro d u ce  
th e  F^ g e n e r a t i o n .  When t h i s  was n o t  p o s s i b l e  ( s e e d s  to o  s m a l l ) , 
some o f  t h e  s e e d s  w ere  n o t  t e s t e d  e l e c t r o p h o r e t i c a l l y ,  b u t  grown 
to  p ro d u ce  t h e  F^ g e n e r a t i o n .  F iv e  o r  more s e e d s  from each  F^ f a m i ly  
w ere  t e s t e d  f o r  s e g r e g a t i o n  r a t i o s .  O bserved  F£ and F^ s e g r e g a t i o n  
r a t i o s  w ere  t e s t e d  a g a i n s t  h y p o th e s iz e d  r a t i o s  w i th  t h e  C h i - s q u a r e  
t e s t .
Most o f  t h e  F^and F£ p l a n t s  w ere  grown i n  t h e  g re e n h o u se  in  a
1 p a r t  l i g h t  loam : 1 p a r t  J i f f y  mix : 1 p a r t  sand  m ix tu re  i n  2 0 .3
o r  2 5 .5  cm c l a y  p o t s .  Seeds w ere  i n o c u l a t e d  w i th  com m ercia l 
Rhizobium  japon icum  b a c t e r i a  p r i o r  t o  p l a n t i n g .  P l a n t s  w ere  f e r t i l ­
i z e d  f o u r  to  s i x  t im e s  w i th  20 -2 0 -2 0  f e r t i l i z e r  a t  1 .68 g / 1 .  P e n ta c ,  
a t  0 .92  g / 1 ,  was u sed  to  c o n t r o l  m i t e s ,  and P r a t t  w h i t e  f l y  s p ra y
a t  1 te a s p o o n  p e r  3 .8 . l i t e r s  was u se d  to  c o n t r o l  w h i te  f l i e s .  D uring
t h e  w i n t e r ,  t h e  most s u c c e s s f u l  r e s u l t s  w ere o b ta in e d  by grow ing 
p l a n t s  d i r e c t l y  u n d e r  ( w i th i n  1 .25  m) 400 w a t t ,  h ig h  i n t e n s i t y ,  mer­
c u r y ,  S y lv a n ia ,  m e t a l - a r c  lam ps ,  s e t  i n i t i a l l y  a t  a 16 h o u r  d a y le n g th  
and g r a d u a l l y  re d u c e d  to  12 h o u rs  to  f o r c e  f l o w e r in g .  A f t e r  A p r i l ,  
l i g h t s  w ere  no lo n g e r  u s e d .  In  a d d i t i o n ,  some F j  p l a n t s  and p a r e n t  
l i n e s  w ere  grown a t  t h e  Kingman r e s e a r c h  fa rm . 
gymograms in  R e la te d  S p e c ie s
By s tu d y in g  r e l a t e d  s p e c i e s ,  s i m i l a r  u n d e r ly i n g  g e n e t i c  s t r u c t u r e s ,
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w i th  new a l l e l e s  a t  some o f  t h e  l o c i ,  can  be  o b s e rv e d .  Two w i ld ,  
p e r e n n i a l  r e l a t i v e s  o f  s o y b e a n s ,  w ere  s t u d i e d ;  seven  a c c e s s i o n s  
( P . I . ’ s 2 5 5 .7 4 5 ,  3 7 8 .8 7 0 ,  2 3 3 .1 3 8 ,  4 0 0 .9 6 7 ,  3 3 9 .6 5 6 ,  339 .660  and 248 .252) 
o f  G ly c in e  c l a n d e s t i n a  (W endl.)  from  A u s t r a l i a  and f i v e  a c c e s s i o n s  
P . I . ' s  3 3 9 .6 5 5 ,  3 3 9 .6 5 7 ,  233.051 and 373 .980  p l u s  A .V .R .D .C . l i n e  number 
5166) o f  G ly c in e  t o m e n t e l l a  (H ayata)  from  A u s t r a l i a  and Taiw an. The 
e l e c t r o p h o r e t i c  t e c h n iq u e s  p r e v i o u s l y  d e s c r ib e d  f o r  G_. so.j a  w ere  u sed  to  
o b t a i n  enzyme zymograms i n  t h e s e  s p e c i e s .  D i f f e r e n c e s  be tw een  t h e s e  
s p e c i e s  zymograms and th o s e  o b se rv e d  f o r  G_. max and G^ . so.j a  w ere  n o te d .  
H ea t T re a tm e n t
Zymogram bands w i th  u n iq u e  b io c h e m ic a l  p r o p e r t i e s ,  o t h e r  th a n  
e l e c t r o p h o r e t i c  m o b i l i t y ,  a r e  u n l i k e l y  t o  be  t o t a l l y  t h e  p ro d u c t  o f  
t h e  same lo c u s  ( e x c e p t io n s  may o c c u r ) . For t h i s  r e a s o n  a  h e a t  t r e a t ­
ment was u s e d  to  e s t i m a t e  t h e  h e a t  l i a b i l i t y  o f  v a r i o u s  zymogram 
b a n d s .  C o ty le d o n s  from  betw een  tw e n ty  to  tw e n ty  f i v e  s e e d s  o f  t h e  
c u l t i v a r  "Amsoy", w hich  had been  soaked  in  w a te r  o v e r n i g h t ,  were 
g round w i th  a  m o r ta r  and p e s t l e  w i th  10 ml o f  . 005M L - h i s t i d i n e  (HC1) 
b u f f e r  (pH 7 .0 )  i n t o  a  t h i c k  s l u r r y .  The s l u r r y  was th e n  p la c e d  i n  a 
s m a l l  (30 cm) c l o s e d  p l a s t i c  v i a l .  The v i a l  was th e n  immersed in  a  
70 C w a te r  b a t h ,  and sam ple  w icks  w ere removed a t  v a r i o u s  t im e  i n ­
t e r v a l s  and i n s e r t e d  i n t o  e l e c t r o p h o r e t i c  g e l s .
Isozym e T is s u e /D e v e lo p m e n ta l  D i s t r i b u t i o n
I n  h i g h e r  p l a n t s ,  enzyme l o c i  a r e  h i g h l y  r e g u l a t e d  and may be 
r e p r e s s e d  o r  a c t i v e  a t  d i f f e r e n t  d e v e lo p m e n ta l  s t a g e s  o r  i n  d i f f e r e n t  
t i s s u e s .  Zymogram bands  w hich a r e  t h e  p r o d u c t s  o f  t h e  same l o c i  w i l l  
show t h e  same r e g u l a t o r y  p a t t e r n ,  w h i le  bands  w i th  u n iq u e  g e n e t i c  
i d e n t i t i e s  may show d i f f e r e n t  p a t t e r n s  o f  e x p r e s s io n .  T h e r e f o re ,
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zymograms f o r  eac h  enzyme were examined from  sam ples  o f  up to  tw e lv e  
d i f f e r e n t  t i s s u e  a n d / o r  d i f f e r e n t  d e v e lo p m e n ta l  s t a g e s .  T hese  
tw e lv e  ty p e s  w ere  t h e  f o l l o w i n g :  c o ty le d o n s  sampled w i t h i n  24 h o u rs
a f t e r  s e e d s  began  to  im b ibe  w a te r ,  r a d i c l e s  sam pled 48-72 h o u rs  a f t e r  
seed  g e r m in a t io n ,  g re e n  c o t y l e d o n s ,  e p i c o t y l s  and h y p o c o ty l s  c o l l e c t e d  
from s e e d l i n g s  a p p ro x im a te ly  two weeks a f t e r  g e r m in a t io n ,  im mature 
c o ty le d o n s  and g re e n  pods c o l l e c t e d  a minimum o f  t h r e e  weeks p r i o r  to  
m a t u r i t y ,  and p o l l e n ,  r o o t s ,  r o o t  n o d u le s ,  w hole f l o w e r s ,  and g re e n  
le a v e s  c o l l e c t e d  from a d u l t  p l a n t s .  The t i s s u e / d e v e l o p m e n t a l  ty p e s  
w ere o b ta in e d  e i t h e r  from  e t i o l a t e d  s e e d l i n g s  grown w i th  room l i g h t s  
and g e rm in a te d  on m o is te n e d  p a p e r  to w e ls  i n  p l a s t i c  g e rm in a t io n  b o x e s ,  
o r  from  o l d e r  g re e n h o u s e  grown p l a n t s .  The c u l t i v a r s  Amsoy, Evans , 
C h e s tn u t ,  E a r ly a n a ,  G ia n t  G reen , J e f f e r s o n ,  A l to n a ,  A100, a s  w e l l  a s  
F£ p rogeny  from  many <5 . max by G_. s o j a  c r o s s e s  w ere u sed  a s  t h e  s o u rc e  o f  
t h e s e  t i s s u e / d e v e l o p m e n t a l  ty p e  sa m p le s .  E l e c t r o p h o r e s i s  was done 
a s  p r e v i o u s l y  d e s c r ib e d  f o r  c o t y l e d o n s ,  e x c e p t  t h a t  v a r i o u s  amounts 
o f  g r in d in g  b u f f e r  w ere  u s e d .  The i n t e n t  was t h a t  t h e  r e s u l t i n g  
s l u r r y  would hav e  th e  same a p p ro x im a te  c o n s i s t e n c y  ( i . e .  v i s c o u s )  f o r  
a l l  sa m p le s .  The p r im a ry  c o n c e rn  i n  exam in ing  zymograms from d i f f e r ­
e n t  t i s s u e / d e v e l o p m e n t a l  ty p e s  was to  o b s e rv e  th e  a d d i t i o n  o r  r e -  . 
d u c t io n  o f  b a n d s ,  n o t  t h e i r  r e l a t i v e  i n t e n s i t i e s .
S u b c e l l u l a r  D i s t r i b u t i o n  o f  Zymogram Bands
The te c h n iq u e  o f  s tu d y in g  t h e  s u b c e l l u l a r  d i s t r i b u t i o n  o f  i s o ­
zymes a s  a means o f  g e n e t i c a l l y  i n t e r p r e t i n g  zymograms was rev iew ed  
by G o t t l i e b  (1982) . He p ro p o sed  t h a t  many p l a n t  isozym es e x i s t  s i n c e  
th e  same en zy m atic  r e a c t i o n  i s  o f t e n  p r e s e n t  i n  s e v e r a l  s u b c e l l u l a r  
com partm en ts ,  eac h  com partm ent h a v in g  a d i f f e r e n t  isozym e. Isozym es
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w i th  d i s t i n c t  s u b c e l l u l a r  a c t i v i t y  s i t e s  have  been  found (by many 
r e s e a r c h e r s )  t o  have  s e p a r a t e ,  o f t e n  u n l i n k e d ,  g e n e t i c  c o n t r o l ,  w i th  
t h e i r  monomers n e v e r  a s s o c i a t i n g  i n t o  h ig h e r  p o ly m e rs .  T h e r e f o r e ,  
i f  zymogram bands  w ere found  to  have  d i s t i n c t  s u b c e l l u l a r  a c t i v i t y  
s i t e s ,  I  hav e  ta k e n  t h i s  a s  e v id e n c e  t h a t  th e y  a r e  t h e  p r o d u c t s  o f  
s e p a r a t e  l o c i .  The s u b c e l l u l a r  d i s t r i b u t i o n  o f  isozym es was s t u d i e d  
by two m ethods: a) c e l l  f r a c t i o n a t i o n s  and b) p o l l e n - l e a c h a t e  s t u d i e s .
a . ) C e l l  f r a c t i o n a t i o n s .  T h ree  c e l l  f r a c t i o n s  (m i to c h o n d r ia  
o r  p39 , p l a s t i d s  o r  p3 , and th e  c y t o s o l  o r  s39) w ere  i s o l a t e d  fo l lo w ­
in g  t h e  t e c h n iq u e s  d e s c r ib e d  by L a t i e s  (1974) and Weeden and G o t t l i e b  
(1 9 8 0 a ) .  S p e c i f i c a l l y ,  f r e s h  young l e a v e s  ( f o r  p l a s t i d s )  o r  g re e n  
c o ty le d o n s  ( f o r  a l l  t h r e e  f r a c t i o n s )  w ere  hom ogenized w i th  t h e  min­
imum number o f  1 se c  b l a s t s  on a  S o r v a l l  hom ogenizer  n e c e s s a r y  to  
make a  u n i f o r a  s l u r r y .  A p p ro x im a te ly  e q u a l  volum es o f  t i s s u e  and 
e x t r a c t i o n  b u f f e r  w ere  u s e d .  The e x t r a c t i o n  b u f f e r  f o r  m i to c h o n d r i a l  
i s o l a t i o n s  was 25 mM Tes (pH 7 . 8 ) ,  0.25M s u c r o s e ,  0.35M m a n i to l ,  0.2% 
b o v in e  serum a lbum in  (BV S.A .), 5% d e x t r a n ,  0 .5  mg/ml p o l y v i n y l -  
p y r o l i d i n e  (ETP), 1 mM e t h y l e n e d i a m i n e t e t r a a c e t i c  a c i d  (EDTA), and 
0 .1  mg/ml 2 - m e r c a p to b e n z o th iz o l e .  The p l a s t i d  e x t r a c t i o n  b u f f e r  con­
s i s t e d  o f  25 mM Tes (pH 7 . 8 ) ,  0.3M s o r b i t o l ,  0.2% B.S.A.*, 1% f i c o l l ,
1 mM EDTA, 0.2% d e x t r a n ,  0 .5  mg/ml PVP. and 1 mM i s o a s c o r b i c  a c i d .
A f t e r  h o m o g e n iz a t io n ,  t h e  s l u r r y  was squeezed  th ro u g h  fo u r  a l t e r n a t i n g  
l a y e r s  o f  c h e e se  c l o t h  and g l a s s  w oo l.  M i to c h o n d r ia l  p r e p a r a t i o n s  
w ere c e n t r i f u g e d  f o r  3 min a t  3 ,0 0 0  g .  The s u p e r n a t a n t  was f i l t e r e d  
th ro u g h  g l a s s  wool and c e n t r i f u g e d  f o r  5 min a t  39 ,000  g . The r e ­
s u l t i n g  p e l l e t  was th e n  re su s p e n d e d  w i th  40 ml e x t r a c t i o n  b u f f e r  and 
c e n t r i f u g e d  f o r  10 min a t  39 ,000  g to  y i e l d  a m i to c h o n d r ia  r i c h
/
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p e l l e t  (p39 f r a c t i o n ) . The s39 ( c y t o s o l )  f r a c t i o n  was o b ta in e d  by 
f i l t e r i n g  th e  f i r s t  3 9 ,000  g s u p e r n a t a n t  th ro u g h  g l a s s  w ool, c e n t r i ­
fu g in g  f o r  10 min a t  3 9 ,0 0 0  g , and d i s c a r d i n g  t h e  p e l l e t .
P l a s t i d  p r e p a r a t i o n s  w ere  c e n t r i f u g e d  f i r s t  f o r  30 sec  a t  250 g . 
The s u p e r n a t a n t  was f i l t e r e d  th ro u g h  g l a s s  w oo l,  th e n  c e n t r i f u g e d  
f o r  1 min a t  3 ,0 0 0  g , a f t e r  w hich th e  p e l l e t  was r e s u s p e n d e d  in  40 ml 
e x t r a c t i o n  b u f f e r  and c e n t r i f u g e d  a g a i n  f o r  1 min a t  3 ,0 0 0  g .  The 
f i n a l  p e l l e t  (p3 f r a c t i o n )  i s  p l a s t i d  r i c h .  A l l  f r a c t i o n a t i o n  p r o ­
c e d u re s  w ere  p e rfo rm e d  a t  4 C. The c u l t i v a r s  Amsoy, A100, G ia n t  
G reen , Evans and A lto n a  w ere  u s e d  a s  t h e  s o u rc e s  o f  m a t e r i a l  f o r  
c e l l  f r a c t i o n a t i o n s .
E l e c t r o p h o r e t i c  sam p les  w ere o b ta in e d  by d i r e c t l y  s o a k in g  sam ple 
w icks  i n  s u p e r n a t a n t  f r a c t i o n s .  To o b t a i n  sam p les  from  p e l l e t  f r a c ­
t i o n s ,  t h e  p e l l e t  was ground  w i th  a  g l a s s  ro d  in  2 -3  d ro p s  0.005M 
L - h i s t i d i n e - H C l  b u f f e r  (pH 7 .0 )  and sam ple  w ick s  w ere  soaked  in  t h e  
r e s u l t i n g  s l u r r y .  M i to c h o n d r ia l  m a la te  d eh y d ro g e n a se  and i s o c i t r a t e  
d e h y d ro g en a se  isozym es w ere  u sed  a s  m i to c h o n d r i a l  m a rk e rs  i n  c e l l  
f r a c t i o n s .  A p l a s t i d  g lu t a m a te  o x a l o a c e t i c  t r a n s a m in a s e  isozym e was 
u sed  a s  a  p l a s t i d  m a rk e r .  G e n e r a l ly ,  p3 f r a c t i o n s  showed l i t t l e  o f  
th e  p l a s t i d  m a rk e r .  However, t h e  s e p a r a t i o n  was n o t  c o m p le te ,  and 
s39 f r a c t i o n s  s t i l l  c o n ta in e d  some o f  b o th  ty p e s  o f  m a rk e r s .  C a t a l a s e  
was u sed  a s  a  glyoxysom e o r  m icrobody  m a rk e r .  I t  was found t o  be 
a b s e n t  from  p3 f r a c t i o n s ,  a  s l i g h t  c o n ta m in a n t  o f  p39 f r a c t i o n s  and 
a c t i v e  i n  s39 f r a c t i o n s ,  a l th o u g h  much o f  t h e  c a t a l a s e  a c t i v i t y  was 
removed from  t h e  s u p e r n a t a n t  w i th  t h e  f i n a l  p e l l e t .
b . )  P o l l e n - l e a c h a t e  s t u d i e s . F o l lo w in g  th e  id e a  o f  Weeden and 
G o t t l i e b  (1980b) t h a t  isozym es c o n t a in e d  in  p o l l e n  l e a c h a t e  a r e  s t r i c t ­
/
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l y  c y to p la s m ic ,  p o l l e n  was u sed  to  exam ine t h e  s u b c e l l u l a r  d i s t r i b u ­
t i o n  o f  iso zy m es .  P o l l e n  was c o l l e c t e d  from  a p p ro x im a te ly  100 f r e s h  
f lo w e r s  and p la c e d  i n  4 -5  d ro p s  o f  0 .0 0 5 M 'L -h is t id in e -H C l b u f f e r  (pH 7 .0 )  
c o n t a in in g  2 mM EDTA and 5 mg/ml PVP. The p o l l e n  b u f f e r  m ix tu r e  was 
l e f t  t o  s t a n d  a t  4 C f o r  f i v e  h o u r s  and th e  p o l l e n  s e p a r a t e d  by f i l ­
t r a t i o n .  L e a c h a te  was u se d  to  d i r e c t l y  soak  e l e c t r o p h o r e t i c  sam ple 
w ic k s ,  w h i le  p o l l e n  was ground in  1-2 d ro p s  o f  0.005M L - h i s t i d i n e - H C l  
b u f f e r  b e f o r e  b e in g  u sed  to  soak  sam ple  w ic k s .  E l e c t r o p h o r e t i c  bands 
o b s e rv e d  in  t h e  l e a c h a t e  w ere  assumed to  be  c y to p la s m ic ,  w h i le  bands 
o b s e rv e d  in  t h e  p o l l e n  g r a i n s ,  b u t  n o t  i n  th e  l e a c h a t e  w ere assumed 
t o  be  a c t i v e  in  o r g a n e l l e s .  The c u l t i v a r  G ia n t  G reen was u se d  a s  t h e  
s o u rc e  o f  p o l l e n .
P r i o r  Knowledge
N a t u r a l l y ,  any p r i o r  know ledge c o n c e rn in g  t h e  g e n e t i c  c o n t r o l  o f  
isozym es i n  soybeans  o r  i n  o t h e r  p l a n t s  was u sed  i n  d e v e lo p in g  th e  
soybean  zymogram g e n e t i c  m o d e ls .  T h is  p r i o r  know ledge c o n s i s t e d  
m a in ly  o f  i n f o r m a t io n  on th e  m o le c u la r  s t r u c t u r e  o f  t h e  v a r i o u s  en­
zymes (monomer, d im e r ,  e t c . ) .
L in k ag e  Methods
L in k ag e  r e l a t i o n s h i p s  w ere s tu d i e d  by e l e c t r o p h o r e t i c a l l y  t e s t ­
in g  F2  s e e d s  s e g r e g a t i n g  f o r  two or. more e l e c t r o p h o r e t i c  l o c i .  
s e g r e g a t i o n  d a t a  from d i f f e r e n t  c r o s s e s  s e g r e g a t i n g  f o r  t h e  same gene 
p a i r  w ere  b u lk e d  t o g e t h e r ,  p r o v id i n g  t h e  p a r e n t a l  p h a se  ( c o u p l in g  o r  
r e p u l s i o n )  was t h e  same ( t h i s  was known from  t h e  p a r e n t a l  g e n o t y p e s ) . 
T a b le  14 l i s t s  a l l  t h e  c r o s s e s  u se d  f o r  l i n k a g e  d a t a .  The F 2  s eed s  
w ere  m a in ly  p roduced  a t  UNH, b u t  some w ere a l s o  o b ta in e d  from 
D r. R.G. P a lm er o f  Iowa S t a t e  U n i v e r s i t y  and D r. T .E . D ev ine  o f  t h e
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U .S.D .A. B e l t s v i l l e  A g r i c u l t u r a l  R e s e a rc h  C e n te r .  R ecom bina t ion  
p e r c e n ta g e  and s t a n d a r d  e r r o r s  w ere  c a l c u l a t e d  from t h e  s e g r e g a t i o n  
d a t a  f o r  a l l  s e g r e g a t i n g  gene p a i r  c o m b in a t io n s  by t h e  p ro d u c t  method 
(Immer and H enderson ,  1943 ) .  The p r o d u c t  method i s  d e s ig n e d  to  mea­
s u r e  F2  r e c o m b in a t io n  p e r c e n t a g e  from  gene  p a i r s  w here b o th  l o c i  show 
dom inance . However, many o f  t h e  e l e c t r o p h o r e t i c  l o c i  s t u d i e d  had co­
dom inan t s e g r e g a t i o n  r a t i o s ;  t h e r e f o r e ,  t o  u s e  t h e  p ro d u c t  method 
s im u la te d  dom inance had to  be  c r e a t e d  by b u lk in g  th e  h e te ro z y g o u s  
c l a s s  w i th  one o f  t h e  homozygous c l a s s e s .  W hile  o t h e r  m ethods o f  c a l ­
c u l a t i n g  r e c o m b in a t io n  p e r c e n ta g e s  f o r  codom inan t l o c i  ( s u c h  a s  a v e r ­
a g in g  t h e  s q u a re  r o o t  o f  t h e  f r e q u e n c i e s  o f  homozygous re c o m b in a n t  
c l a s s e s )  a l s o  w ere  u s e d ,  t h e  p ro d u c t  method h a s  been  u sed  by a l l  o t h e r  
w o rk e rs  t o  r e p o r t  l i n k a g e  r e s u l t s  i n  so y b e a n s .  Thus, i t  was u sed  f o r  
t h e  sa k e  o f  u n i f o r m i t y .  C h i - s q u a r e  v a l u e s  w ere  c a l c u l a t e d  f o r  th e  
s e g r e g a t i o n  r a t i o s  a t  each  l o c u s ,  t o  d e t e c t  u n u s u a l  r a t i o s  w h ich  would 
a l t e r  t h e  p r o d u c t  m ethods r e s u l t s .  The C h i - s q u a re  t e s t  was a l s o  u sed  
to  exam ine t h e  goodness  o f  f i t  be tw een  o b s e rv e d  and e x p e c te d  s e g r e g a ­
t i o n  d a t a  f o r  a l l  p u t a t i v e  l i n k a g e  r e l a t i o n s h i p s  fo u n d .
E s t i m a t in g  P a ra m e te r s  o f  G e n e t ic  D i v e r s i t y  
The f o l lo w in g  p a r a m e te r s  o f  g e n e t i c  d i v e r s i t y  ( s t r u c t u r e )  w ere 
e s t i m a t e d  and compared f o r  £ .  max and _G. so.j a : t o t a l  po lym orph ism ,
a v e ra g e  number o f  a l l e l e s  p e r  l o c u s ,  a v e ra g e  o b se rv e d  and e x p e c te d  
h e t e r o z y g o s i t y ,  a l l e l e  f r e q u e n c y  and d i s t r i b u t i o n ,  and th e  g e o g ra p h ic ­
a l  a r e a  w i th  t h e  h i g h e s t  g e n e t i c  d i v e r s i t y .  Each o f  t h e s e  p a ra m e te r s  
was c a l c u l a t e d  and t e s t e d  a s  d e s c r i b e d  i n  th e  f o l l o w in g  s u b - s e c t i o n s .  
T o t a l  Polym orphism
T o t a l  po lym orphism  f o r  (i. max and G. so.j a  was c a l c u l a t e d  by
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d i v i d i n g  t h e  o b s e rv e d  number o f  p o ly m o rp h ic  l o c i  by t h e  t o t a l  e s t i m a t ­
ed number o f  l o c i  s c r e e n e d .  Where a  p o ly m o rp h ic  lo c u s  was d e f in e d  a s  
one w here  t h e  f r e q u e n c y  o f  t h e  most common a l l e l e  was l e s s  th a n  0 .9 5  
(95% polym orphism  l e v e l )  o r  0 .9 9  (99% polym orphism  l e v e l ) .  S t a t i s t i c ­
a l  s i g n i f i c a n c e  be tw een  G_. max and (J. so.j a  was d e te rm in e d  w i th  a  S tu ­
d e n t ' s  t - t e s t ,  u s in g  p a i r e d  o b s e r v a t i o n s  o f  t h e  i n d i v i d u a l  po lym orph­
ism l e v e l s  f o r  each  o f  t h e  15 enzyme sy s tem s  s t u d i e d .
S in c e  t h e r e  i s  no way to  e s t i m a t e  t h e  number o f  r e g u l a t o r y  l o c i  
w hich  may e f f e c t  a  p a r t i c u l a r  zymogram, o n ly  en zy m atic  s t r u c t u r a l  l o c i  
( l o c i  p ro d u c in g  an enzyme monomer) can  be  u se d  t o  c a l c u l a t e  p e r c e n ta g e  
t o t a l  po lym orphism . P o ly m o rp h ic  r e g u l a t o r y  l o c i  ( l o c i  a f f e c t i n g  enzyme 
e x p r e s s io n ,  b u t  n o t  c o d in g  f o r  an  enzyme monomer), such  a s  t h e  soybean  
p e r o x id a s e  Ep lo c u s  ( B u t t e r y  and B u z z e l l ,  1969),  can  n o t  b e  i n c lu d e d .  I  
have  n o t  been  a b l e  t o  s p e c i f i c a l l y  t e s t  i f  t h e  v a r i a n t s  u sed  in  t h i s  d i s ­
s e r t a t i o n  a r e  r e g u l a t o r y  o r  s t r u c t u r a l .  I  have  assumed them to  be s t r u c ­
t u r a l  u n l e s s  t h e r e  was e v id e n c e  to  t h e  c o n t r a r y  ( s e e  GPD s e c t i o n  o f  t h e  
r e s u l t s ) . E l e c t r o p h o r e t i c  v a r i a n t s  i n  p l a n t s  g e n e r a l l y  have  been  found 
to  be  s t r u c t u r a l  ( P e i r c e  and B rew baker,  1973) .
Number o f  A l l e l e s
The number o f  a l l e l e s  p e r  lo c u s  i n  G_. max and J3. so.ja was c a l ­
c u l a t e d  by d i v i d i n g  th e  t o t a l  number o f  a l l e l e s  o b se rv e d  by t h e  e s t ­
im a ted  number o f  l o c i  s c r e e n e d .  The t o t a l  number o f  a l l e l e s  o b se rv ed  
r e f e r s  t o  t h e  number o f  a l l e l e s  o b s e rv e d  f o r  a l l  enzyme l o c i  s t u d i e d  
i n  G^ . max o r  G^. s o j a . T h is  p a r a m e te r  can  a l s o  be  e x p re s s e d  a s  t h e  
number o f  u n iq u e  a l l e l e s  ( a l l e l e s  found in  one s p e c i e s ,  b u t  n o t  th e  
o t h e r ) .  I d e a l l y ,  a l l  a l l e l e s  sh o u ld  hav e  been  co n f irm ed  by a l l e l i s m  
t e s t s ,  b u t  i t  was n o t  p o s s i b l e  t o  do t h i s  i n  a l l  c a s e s .  Thus, hy ­
p o th e s i z e d  a l l e l e s ,  a s  w e l l  a s  co n f irm ed  a l l e l e s ,  have  been  in c lu d e d .
i
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S t a t i s t i c a l  s i g n i f i c a n c e  f o r  t h i s  p a r a m e te r  was d e te rm in e d  w i th  a 
t - t e s t  u s in g  p a i r e d  o b s e r v a t i o n s  o f  t h e  number o f  a l l e l e s  a t  each  
i n d i v i d u a l  l o c u s .
H e te r o z y g o s i ty
O bserved  h e t e r o z y g o s i t y  was c a l c u l a t e d  by d i v i d i n g  a l l  o b se rv e d  
h e te ro z y g o u s  zymograms, f o r  isozym es w i th  codom inant i n h e r i t a n c e ,  by 
th e  t o t a l  number o f  s e e d s  t e s t e d  f o r  eac h  o f  t h e s e  same iso zy m es .
T h is  i s  e q u i v a l e n t  to  t a k i n g  a  w e ig h te d  a v e r a g e  o f  t h e  o b se rv e d  h e t e r o ­
z y g o s i t y  a t  each  c o d o m in a n tly  i n h e r i t e d  l o c u s .  T h is  m ethod, e x c lu d in g  
d o m i n a n t - r e c e s s i v e  l o c i ,  may u n d e r e s t i m a t e  h e t e r o z y g o s i t y .  E xpec ted  
h e t e r o z y g o s i t y  a t  eac h  lo c u s  was c a l c u l a t e d  from t h e  f r e q u e n c i e s  o f
Z 2f ^  . Where f ^  i s  t h e  f r e q u e n ­
cy o f  t h e  i t h  a l l e l e  (A y a la ,  198 2) . T h is  i s  b a sed  on th e  e x p e c te d  f r e ­
quency o f  h e t e r o z y g o te s  i n  a  p a n m ic t i c  p o p u la t i o n  (N e i,  1975).  Be­
c a u s e  th e  (3. max and £ .  s o j a  s e e d s  u sed  w ere n o t  from  p a n m ic t i c  popu­
l a t i o n s ,  t h e  e x p e c te d  h e t e r o z y g o s i t y  does  n o t  g iv e  much m e a n in g fu l  
i n f o r m a t io n  w i th  r e g a r d  t o  e v o l u t i o n  o f  p o p u la t io n  g e n e t i c  s t r u c t u r e ,  
b u t  i t  i s  a  u s e f u l  m easu re  o f  g e n e t i c  d i v e r s i t y .  The e x p e c te d  a v e ra g e  
h e t e r o z y g o s i t y  ( 1^ )  was c a l c u l a t e d  by a v e r a g in g  t h e  c a l c u l a t e d  v a lu e  
o f  e x p e c te d  h e t e r o z y g o s i t y  f o r  each  lo c u s  w i th  two o r  more a l l e l e c .
An a l t e r n a t i v e  method was to  c a l c u l a t e  H f o r  a l l  l o c i  ( l o c i  w i the
o n ly  one a l l e l e  would have  an e x p e c te d  h e t e r o z y g o s i t y  o f  0 ) .  When 
c a l c u l a t e d  i n  t h i s  manner th e  p a ra m e te r  i s  a p o w e rfu l  m easure  o f  
g e n e t i c  d i v e r s i t y ,  s i n c e  t h e  a v e ra g e  number and f r e q u e n c y  o f  a l l e l e s ,  
a s  w e l l  a s  t o t a l  po lym orph ism  a r e  combined i n t o  one m easurem en t,  
e s s e n t i a l l y  t h e  t o t a l  d i v e r s i t y  o f  t h e  s p e c i e s .  S t a t i s t i c a l  s i g n i f ­
i c a n c e  be tw een  G_. max and  G^. s o j a  was d e te rm in e d  w i th  a  t - t e s t  u s in g
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p a i r e d  o b s e r v a t i o n s  o f  t h e  o b se rv e d  o r  e x p e c te d  h e t e r o z y g o s i t y  a t  each  
i n d i v i d u a l  l o c u s .
A l l e l e  F requency  and D i s t r i b u t i o n
A l l e l e  f r e q u e n c i e s  w ere  c a l c u l a t e d  by c o n s i d e r i n g  p l a n t  i n t r o ­
d u c t io n s  o r  c u l t i v a r s  a s  i n d i v i d u a l s  i f  th e y  w ere  p u re  f o r  t h e  p a r t i c ­
u l a r  a l l e l e  (a lm o s t  a lw a y s ) ,  b u t  i f  th e y  w ere  o f  mixed g e n o ty p e s ,  th e n  
th e y  w ere  d iv i d e d  a p p r o p r i a t e l y  be tw een  a l l e l e s  ( i . e .  i f  a  c u l t i v a r  was mix­
ed f o r  two a l l e l e s .  0 .5  was added to  t h e  t o t a l  f o r  each  a l l e l e ) .  T h is  
was done r a t h e r  th a n  b a s in g  f r e q u e n c i e s  on th e  number o f  s e e d s  h av in g
eac h  g e n o ty p e ,  b e c a u se  o f  t h e  p u r i t y  o f  l i n e s  and s in c e  u n e q u a l
numbers o f  s e e d s  p e r  l i n e  w ere  t e s t e d .  S t a t i s t i c a l  s i g n i f i c a n c e  o f
a l l e l e  f r e q u e n c i e s  be tw een  G_. max and J3. so.j a  o r  be tw een  d i f f e r e n t
g e o g r a p h ic a l  r e g io n s  was t e s t e d  u s in g  a C h i - s q u a re  t e s t .  The goodness
o f  f i t  be tw een  t h e  o b se rv e d  number o f  p l a n t  i n t r o d u c t i o n s  o r  c u l t i v a r s
w i th  eac h  g en o ty p e  and t h e  e x p e c te d  (b ased  on a l l e l e  f r e q u e n c i e s  in
t h e  s p e c i e s  o r  g e o g r a p h i c a l  a r e a  b e in g  compared) was t e s t e d .  S ig -  
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n i f i c a n t  X v a l u e s  i n d i c a t e d  a  non-random  d i f f e r e n c e  be tw een  f r e ­
q u e n c ie s .
A l l e l e s  w i th  a  f r e q u e n c y  o f  0 .5  o r  more w ere  c o n s id e r e d  common, 
th o s e  w i th  a- f r e q u e n c y  o f  be tw een  0 .2  and 0 .5  i n t e r m e d i a t e ,  t h o s e  
w i th  a  f r e q u e n c y  o f  be tw een  0 .0 5  and 0 .2  uncommon, and th o s e  w i th  
f r e q u e n c i e s  l e s s  th a n  0 .0 5  a s  r a r e .  S in c e  t h e  s i x  g e o g ra p h ic  r e g io n s  
c o n s id e r e d  w ere  q u i t e  l a r g e ,  a l l e l e s  w ere c o n s id e r e d  to  have  a  w id e ­
s p re a d  d i s t r i b u t i o n  i f  th e y  w ere  found i n  two o r  more o f  t h e  geo­
g r a p h ic  r e g i o n s ,  and a  l o c a l i z e d "  d i s t r i b u t i o n  i f  th e y  w ere  o n ly  
found  i n  one r e g i o n .
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G eograph ic  A rea  o f  G r e a t e s t  D i v e r s i t y
Four p a ra m e te r s  w ere  u se d  to  ju d g e  t h e  g e o g ra p h ic  a r e a  w i th  t h e  
h i g h e s t  g e n e t i c  d i v e r s i t y  f o r  (3. max and (3. s o j a . The f i r s t  p a ra m e te r  
was th e  t o t a l  number o f  a l l e l e s ,  f o r  t h e  l o c i  s c r e e n e d ,  w hich o c c u r r e d  
w i t h i n  t h e  r e g i o n .  The second  p a ra m e te r  was t h e  number o f  r a r e  o r  
uncommon a l l e l e s  h a v in g  t h e i r  h i g h e s t  f r e q u e n c y  w i t h i n  t h e  r e g i o n .  T h is  
p a ra m e te r  was u sed  a s  a  ro u g h  e s t i m a t o r  o f  a l l e l e  o r i g i n .  The t h i r d  
p a ra m e te r  was t h e  a v e ra g e  po lym orphism  w i t h i n  t h e  r e g i o n .  The l a s t  
was t o  compute t h e  e x p e c te d  h e t e r o z y g o s i t y ,  b a sed  on a l l  l o c i ,  f o r  
e a c h  r e g i o n .  T h is  l a s t  m easu re  was p ro b a b ly  t h e  most m e a n in g fu l  
s i n c e  i t  i n c o r p o r a t e s  a s p e c t s  from  eac h  o f  t h e  f i r s t  t h r e e  p a r a m e te r s .
T e c h n ic a l  P i t f a l l s  
The p r o c e d u re s  u t i l i z e d  i n  t h i s  d i s s e r t a t i o n  g e n e r a l ly \  worked 
w e l l  f o r  t h e i r  s t a t e d  p u rp o s e ;  how ever,  t h e r e  w ere  some p i t f a l l s  
e n c o u n te re d  w hich  sh o u ld  be a v o id e d  by f u t u r e  r e s e a r c h e r s .
C o n ta m in a t in g  Bands
C o n ta m in a t in g  bands  (bands  p ro d u ced  by enzymes n o t  b e in g  s t a i n e d  
f o r )  w ere  e n c o u n te re d  u n d e r  c e r t a i n  c o n d i t i o n s .  T h ree  s o u rc e s  o f  
c o n ta m in a t in g  bands w ere  o b s e rv e d .  The f i r s t  was th e  o c c u r r e n c e  o f  
ADH bands  in  any  g e l  c o n t a i n i n g  NAD, PMS, and MTT, when s t a i n e d  in  
t h e  p ro x im i ty  o f  a n o t h e r  g e l  b e in g  s t a i n e d  f o r  ADH. The e t h a n o l  used  
a s  t h e  ADH s u b s t r a t e  i s  v o l a t i l e  and g aseo u s  e t h a n o l  can  a c t  a s  a 
s u b s t r a t e  t o  v i s u a l i z e  ADH isozym es in  o t h e r  g e l s  (O 'M alley  e t  a l . ,
1980).  T h is  p rob lem  c a n  be  a v o id e d  s im p ly  by s t a i n i n g  ADH g e l s  i n  
i s o l a t i o n  from o t h e r  g e l s .  The second  s o u rc e  o f  c o n ta m in a t in g  
bands  was th e  o c c u r r e n c e  o f  PGD bands  i n  PGI, PGM, and MPI zymograms 
when NADP was u sed  a s  t h e  coenzyme. PGD i s  a d e h y d ro g e n a se ,  a c t i n g
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dow nstream  from  t h e s e  enzymes and i s  NADP s p e c i f i c .  I  b e l i e v e  enough 
o f  t h e  PGD s u b s t r a t e  was a cc u m u la ted  by dow nstream  m e ta b o l i c  f l u x  
( o c c u r r i n g  i n  t h e  s t a i n i n g  s o l u t i o n  and m e d ia te d  by enzymes c o n ta in e d  
i n  th e  g e l )  t o  v i s u a l i z e  PGD iso zy m es .  PGM, PGI, and MPI a r e  each  
v i s u a l i z e d  by c o u p l in g  t h e i r  en zy m a tic  r e a c t i o n  w i th  GPD (a n o th e r  
dow nstream  d e h y d r o g e n a s e ) . Two com m ercia l GPD p r e p a r a t i o n s  were 
a v a i l a b l e  f o r  d o in g  t h i s :  an  NADP s p e c i f i c  GPD, and a GPD w hich can
u t i l i z e  e i t h e r  NADP o r  NAD. The PGD c o n ta m in a t in g  bands  w ere  e l im ­
in a t e d  i f  t h e  second  ty p e  was u se d  w i th  NAD a s  t h e  coenzyme. The 
t h i r d  s o u r c e  o f  c o n ta m in a t in g  bands was t h e  o c c u r r e n c e  o f  IDH bands  
in  g e l s  whose s t a i n i n g  s o l u t i o n  c o n ta in e d  M gC ^, NADP, MTT, and PMS. 
The r e a s o n  f o r  t h e s e  IDH bands  o c c u r r i n g  can  o n ly  be  s p e c u l a t e d .  T h is  
p rob lem  was e l i m i n a t e d  f o r  PGM, PGI, and MPI by s w i tc h in g  to  NAD- 
a c t i v e  GPD enzyme, b u t  weak IDH bands w ere  s t i l l  o c c a s i o n a l l y  s een  
in  o v e r s t a i n e d  PGD and GPD zymograms. The c o n ta m in a t in g  bands p r e s e n t  
no p rob lem  a s  lo n g  a s  th e y  a r e  c o r r e c t l y  i d e n t i f i e d  and ig n o r e d .
L oss  o f  Isozym e A c t i v i t y
Isozym es a c t i v e  i n  t h e  o r i g i n a l  sam ple  a r e  n o t  a lw ays  v i s u a l i z e d  
on th e  f i n a l  zymogram. I  e n c o u n te re d  t h r e e  c a u s e s  f o r  th e  l o s s  o f  
isozym e a c t i v i t y .  The m ost im p o r ta n t  was t h e  h e a t i n g  o f  g e l s  d u r in g  
e l e c t r o p h o r e t i c  r u n s .  T h is  was a p a r t i c u l a r l y  t ro u b le s o m e  p rob lem  
when u s in g  o l d e r  power s u p p l i e s  w hich c o u ld  n o t  be  s e t  f o r  a  c o n s t a n t  
v o l t a g e .  Gel o v e r h e a t in g  som etim es was q u i t e  o b v io u s ,  a s  g e l s  would 
be h o t  to  t h e  to u c h  and be  f i l l e d  w i th  b u b b le s .  A l l  enzy m atic  
a c t i v i t y  was u s u a l l y  l o s t  i n  t h e s e  c a s e s ,  so t h a t  when t h i s  o c c u r r e d  
g e l s  w ere  d i s c a r d e d .  However, t h e  o v e r h e a t in g  c o u ld  be  more s u b t l e ,  
and o n ly  h e a t  l i a b l e  isozym es (su ch  a s  LAP) l o s t .  To m in im ize
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o v e r h e a t in g  i t  i s  im p o r ta n t  t o  ch eck  i c e  p ack s  f r e q u e n t l y ,  c h an g in g  
them w henever n e e d e d ,  and to  be p a t i e n t  and n o t  i n c r e a s e  t h e  v o l t a g e  
to  f i n i s h  a  ru n  f a s t e r .  O v e rh e a t in g  can  a l s o  o c c u r  a t  t h e  s t a i n i n g  
s t a g e ,  so t h a t  i n c u b a t o r  t e m p e r a tu r e s  sh o u ld  be f r e q u e n t l y  c h ec k ed .  
The second  c a u s e  o f  l o s s  o f  isozym e a c t i v i t y  was s im p ly  t im e .  I f  
to o  lo n g  a  t im e  e x p i r e d  be tw een  sam ple  p r e p a r a t i o n  and g e l  s t a i n i n g ,  
a c t i v i t y  o f  c e r t a i n  isozym es was l o s t .  The f i n a l  o b s e rv e d  c a u s e  
was c o p p e r  i n h i b i t i o n  o f  d eh y d ro g e n a se  enzym es. T h is  o c c u r r e d  when 
co p p e r  e l e c t r o d e  l e a d  w i r e s  came i n t o  c o n t a c t  w i th  t h e  ta n k  b u f f e r  
s o l u t i o n .  T h is  can  b e  r e c o g n iz e d  by t h e  t a n k  b u f f e r  t u r n i n g  g re e n .  
C are  s h o u ld  be  ta k e n  so t h a t  o n ly  t h e  p la t in u m  w i r e  c o n t a c t s  t h e  
t a n k  b u f f e r  s o l u t i o n .
III. RESULTS
Zymogram G e n e t ic  Models 
I n  e a c h  o f  t h e  f o l l o w i n g  s u b - s e c t i o n s ,  a  model a t t e m p t in g  to  
e x p l a i n  t h e  g e n e t i c  c o n t r o l  o f  o b s e rv e d  zymograms i s  p r e s e n t e d .  
P e r t i n e n t  l i t e r a t u r e  c i t a t i o n s  and i n f o r m a t io n  from  p r e v io u s  s t u d i e s  
(Gorman, 1976) a r e  in c lu d e d ,  a lo n g  w i th  new in f o r m a t io n .
A lc o h o l  D ehydrogenase
A lc o h o l  d e h y d ro g e n a se s  (ADH) a r e  found i n  p l a n t s ,  an im a l and 
m ic ro o rg a n is m s .  M u l t i p l e  fo rm s hav e  been  r e p o r t e d  f o r  a  v a r i e t y  
o f  o rg a n ism s  ( S c a n d a l i o s ,  1969; G o t t l i e b ,  1982).  ADH i s  n o t  s u b s t r a t e  
s p e c i f i c  and w i l l  r e a c t  w i th  many norm al and b r a n c h e d -c h a in  a l i ­
p h a t i c  and a r o m a t ic  a l c o h o l s .
W hile  s e v e r a l  b i o l o g i c a l  r e a c t i o n s  may in v o lv e  ADH a s  a  c a t a l y s t ,  
p e rh a p s  t h e  m ost im p o r ta n t  i s  t h e  r e v e r s i b l e  fo rm a t io n  o f  e t h a n o l  
and NAD from  a c e ta l d e h y d e  and NADH. T h is  r e a c t i o n  i s  t h e  l a s t  s t e p  
in  a n a e r o b ic  r e s p i r a t i o n  ( a l c o h o l  f e r m e n t a t i o n ) . A n a e ro b ic  r e s p i r ­
a t i o n  i s  an  im p o r ta n t  p r o c e s s  i n  p l a n t s .  I t  o c c u r s  i n  many t i s s u e s  
( i . e . ,  r o o t s  and s t o r a g e  t i s s u e s ) ,  p a r t i c u l a r l y  i n  t im e s  o f  s h o r t  
oxygen s u p p ly ,  a s  d u r in g  f lo o d i n g  c o n d i t i o n s .  D uring  seed  dormancy 
and i n  t h e  e a r l y  s t a g e s  o f  g e r m in a t io n  ( b e f o r e  seed  c o a t s  r u p t u r e ) , 
a n a e r o b ic  r e s p i r a t i o n  i s  p red o m in an t  i n  many ty p e s  o f  s e e d s  (Meyer 
e t  a l . ,  1973).  Some s e e d s  have  such  e f f i c i e n t  mechanisms o f  a n a e r ­
o b ic  r e s p i r a t i o n  t h a t  t h e  p r o c e s s  p re d o m in a te s  o v e r  a e r o b i c  r e s p i r ­
a t i o n ,  even  w h i le  oxygen i s  p r e s e n t  i n  c o n s i d e r a b l e  c o n c e n t r a t i o n s .  




th e y  a r e  a b l e  to  g e rm in a te  and grow in  c o m p le te ly  f lo o d e d  ( a n a e r ­
o b ic )  c o n d i t i o n s  (Meyer e t  a l . , 1973).  T hus , t h e  e f f i c i e n c y  o f  a 
p l a n t ' s  a n a e r o b ic  r e s p i r a t i o n  system  can  be  o f  g r e a t  im p o r ta n c e  
to  i t s  s u r v i v a l ,  p a r t i c u l a r l y  i n  t im e s  o f  s h o r t  oxygen su p p ly  ( i . e . ,  
dorm ant s e e d s ,  e a r l y  s t a g e s  o f  g e r m in a t io n ,  g e r m in a t io n  u n d e r  a n a e r ­
o b ic  c o n d i t i o n s ,  o r  f l o o d i n g ) .  ADH i s  an im p o r ta n t  enzyme in  a n a e r ­
o b ic  r e s p i r a t i o n  and a c t s  i n  a r e g u l a t o r y  c a p a c i t y  (Jo h n so n ,  1976).  
E v idence  i n d i c a t e s  t h a t  m a in t a i n in g  t h e  norm al g row th  r a t e  and th e  
s u r v i v a l  o f  m a ize  u n d e r  f lo o d i n g  c o n d i t i o n s  a r e  a s s o c i a t e d  w i th  
c e r t a i n  ADH e l e c t r o p h o r e t i c  g e n o ty p e s  (S c h w a r tz ,  1969; M a r s h a l l  
e t  a l . , 1973).
L eb lo v a  and P e r g le r o v a  (1976) s tu d i e d  t h e  b io c h e m ic a l  p r o p e r -
+ 3t i e s  o f  ADH in  soybeans  and r e p o r t e d  a  M.W. o f  53 -  5 X 10 d a l t o n s .  
Based on h y b r i d i z a t i o n  and Im m u n o e le c tro p h o re s is  s t u d i e s ,  Beremand 
(1975; and p e r s o n a l  com m unica tion) co n c lu d ed  t h a t  soybean  ADH m ole­
c u l e s  a r e  d im e r s ,  p r o b a b ly  h av in g  two f i x e d ,  ho m o -h e te ro d im er  p a i r s .  
ADH h a s  been  r e p o r t e d  a s  a d im er i n  a  number o f  o t h e r  p l a n t s  and 
in  a l l  s p e c i e s  examined ADH monomers, coded by d i f f e r e n t  l o c i ,  
a s s o c i a t e  to  form  b o th  i n t r a -  and i n t e r l o c u s  h e t e r o d im e r s  ( G o t l i e b ,  
1981, 1982 ) .
Three  homozygous ADH zymogram ty p e s  w ere  r e p o r t e d  o c c u r r i n g  
among 113 soybean  c u l t i v a r s  (Gorman and K iang , 1 9 7 7 ) .  C o ty led o n s  
from 398 G^. max and 113 G^. so.ja c u l t i v a r s  and p l a n t  i n t r o d u c t i o n s  
have  now been  examined and o n ly  t h e s e  t h r e e  ty p e s  w ere  o b se rv e d  
(Appendix I ) .  The f i r s t  ty p e  had seven  ADH b a n d s ,  t h e  second  ty p e  
la c k e d  t h e  s lo w e s t  and f o u r t h  b a n d s ,  w h i le  t h e  t h i r d  ty p e  la c k e d  th e  
s lo w e s t ,  f o u r t h ,  and f i f t h  bands (F ig u r e  2A ). The i n h e r i t e n c e  o f
I
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F ig u re  2 .  ADH
A.) Zymogram ty p e s  o b se rv e d  in  ADH s t a i n e d  g e l s ,  w here d ry  seed  
c o ty le d o n s  w ere  u sed  a s  t h e  sam ple t i s s u e .  The numbers un d er  t h e  
s u b u n i t s  h e a d in g ,  r e f e r  t o  t h e  l o c i  from w hich  monomers o r i g i n a t e d .
B .)  S chem atic  d ia g ra m s  r e p r e s e n t a t i v e  o f  t h e  ADH zymograms 
o b s e rv e d  from d i f f e r e n t  soybean  t i s s u e s  o r  d e v e lo p m e n ta l  s t a g e s .
Only ty p e -1  zymograms a r e  shown. Appendix I I  l i s t s  t h e  d e s c r i p t i o n s  
f o r  each  o f  t h e  a b b r e v i a t i o n s  u se d .
C.) S chem atic  d ia g ra m s  o f  ADH zymograms (from  c o ty le d o n s  sampled 
w i t h i n  24 h o u rs  a f t e r  s e e d s  began to  im bibe w a te r )  o b s e rv e d  i n  t h e  
d i f f e r e n t  G ly c in e  s p e c i e s  exam ined . Cl and C2 a r e  d i f f e r e n t  zymo­
gram ty p e s  o b se rv e d  i n  G . c l a n d e s t i n a . Ml i s  f o r  j?. max zymogram 
t y p e - 1 ,  in c lu d e d  f o r  r e f e r e n c e ,  and T1 I s  f o r  t h e  o n ly  zymogram ty p e  
o b se rv ed  i n  J3. t o m e n t e l l a  p l a n t  i n t r o d u c t i o n s .
I n  t h i s  f i g u r e ,  a s  w e l l  a s  f i g u r e s  3 -1 5 ,  p i c t u r e s  o r  s c h e m a t ic  
d iag ram s w ere shown i n  r e f e r e n c e  t o  R^. The R^ v a l u e s  u sed  were 
e q u a l  to  t h e  d i s t a n c e  o f  isozym e m ig r a t io n  d iv id e d  by th e  d i s t a n c e  
o f  m e thy l v i o l e t  m i g r a t i o n ,  u s in g  th e  m idd le  
m en ts .  R^ v a lu e s  w ere somewhat v a r i a b l e  and 
a s  a  r e f e r e n c e ,  n o t  a s  a b s o l u t e s .
i
i
o f  t h e  band f o r  m e a su re -  
sh o u ld  o n ly  be u sed
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t h e s e  t h r e e  zymogram ty p e s  was p r e v i o u s l y  r e p o r t e d  (Gorman and 
K iang ,  1 9 7 8 ) .  We found t h a t  t h e  t h r e e  ty p e s  w ere  d e l i n e a t e d  by two 
l o c i  (Adh^ and Adh^, fo rm e r ly  d e s ig n a t e d  ADH-1 and ADH-4, Gorman 
and K iang , 1 9 7 8 ) ,  b o th  h a v in g  r e c e s s i v e  n u l l  (adh^ and adh^.) and 
dom inant f u n c t i o n a l  (Adh^ and Adh^) a l l e l e s .  The two l o c i  w ere 
t i g h t l y  l i n k e d  (Gorman and K iang ,  1978; T a b le  14) and i n t e r a c t e d  to  
p ro d u ce  a  f i x e d  i n t e r l o c u s  h e t e r o d im e r  ( t h e  f o u r t h  b a n d ) . A f o u r t h  
homozygous t y p e ,  l a c k i n g  t h e  f o u r t h  and f i f t h  b a n d s ,  b u t  h a v in g  th e  
s lo w e s t  b an d ,  was o b se rv e d  in  s e g r e g a t i n g  F^  d a t a  a s  a  re co m b in an t 
ty p e  (F ig u r e  2A, T a b le  1 4 ) .  Roose and G o t t l i e b  (1980) have  a l s o  r e ­
p o r t e d  l i n k a g e  be tw een  i n t e r a c t i n g  ADH l o c i  i n  a  d i p l o i d  p l a n t .
T h ree  t o  f o u r  days  a f t e r  g e r m in a t io n  t h e  ADH bands i n  c o ty le d o n s  
became p r o g r e s s i v e l y  w eaker u n t i l  no a c t i v i t y  c o u ld  be  e l e c t r o p h o r -  
e t i c a l l y  o b s e rv e d .  The t im e  (from  sowing) r e q u i r e d  b e f o r e  a l l  bands 
fad ed  depended a g r e a t  d e a l  on t h e  g row ing c o n d i t i o n s ,  w i th  more 
a e r o b i c  c o n d i t i o n s  f a v o r in g  f a s t e r  l o s s  o f  a c t i v i t y .  The o n ly  o t h e r  
t i s s u e s  in  w hich ADH a c t i v i t y  was o b s e rv e d  w ere r a d i c l e s ,  r o o t s ,  and 
r o o t  n o d u le s  (F ig u r e  2 B ) ; a l l  t i s s u e s  w h ich  would be  e x p e c te d  t o  be 
in v o lv e d  in  a n a e r o b ic  r e s p i r a t i o n .  However, o n ly  bands  t h r e e ,  s i x ,  
and seven  w ere  seen  in  t h e s e  t i s s u e s .  T hese  bands w ere a l s o  th e  
l a s t  t o  d i s a p p e a r  i n  c o ty le d o n s  a f t e r  g e r m in a t io n .
G ly c in e  c l a n d e s t i n a  (W endl.)  and G^. t o m e n t e l l a  (H ayata )  ADH zymo­
grams (F ig u r e  2C) d i s p l a y e d  t h r e e  band zymograms. Broue e t  a l .  (1977) 
r e p o r t e d  t h r e e  band ADH zymograms f o r  £ .  c l a n d e s t i n a , Ch t o m e n t e l l a , 
and t a b a s c i n a  ( L a b i l l a )  B en th .  a c c e s s i o n s  and a  f i v e  band zymo­
gram from G^ . c a n e s c e n s  F . J .  Hermann a c c e s s i o n s .  G e n e t ic  c o m p ar iso n s  
f o r  ADH zymograms be tw een  t h e s e  r e l a t e d  s p e c i e s  and G_. max and
/
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G r .  s o j a  w ere  d i f f i c u l t  t o  make.
A l l  o f  t h e  ADH bands  w ere  found  to  be a s s o c i a t e d  w i th  s u p e r n a t ­
a n t  f r a c t i o n s  i n  c e l l  f r a c t i o n a t i o n  s t u d i e s ,  s u g g e s t in g  t h a t  th e y  
w ere  c y t o s o l - a s s o c i a t e d .  ADH h a s  b een  found t o  be  l o c a t e d  in  t h e  
c y t o s o l  o f  a l l  p l a n t s  t e s t e d  ( S c a n d a l io s ,  1 9 7 7 ) .
The f o l lo w in g  ADH zymogram g e n e t i c  model was p ro p o sed  (Gorman,
1976; Gorman and K iang ,  1 9 7 8 ) ,  a l th o u g h  o t h e r  m odels  would p o s s i b l y  
a l s o  f i t  th u  above o b s e r v a t i o n s :
1) Soybean ADH m o le c u le s  e x i s t  a s  f u n c t i o n a l  d im e r s ,  w i th  b o th  
i n t r a -  and i n t e r l o c u s  d im ers  form ed .
2) S in c e  bands  t h r e e ,  s i x ,  and sev en  f o l lo w  t h e  same r e g u l a t o r y  
p a t t e r n  i n  d i f f e r e n t  t i s s u e s  and d e v e lo p m e n ta l  s t a g e s  th e y  may b e  r e ­
l a t e d .  Bands t h r e e  and sev en  p ro b a b ly  r e p r e s e n t  homodimers from th e  
p r o d u c t s  o f  l o c i  t e n t a t i v e l y  (n o t  r e g i s t e r e d  w i th  t h e  Soybean G e n e t ic s  
Committee) d e s ig n a t e d  Adh^ and Adh^ ( f o r m e r ly  ADH-3 and ADH-5, Gorman 
and K iang ,  1 9 7 8 ) ,  and band s i x  t h e  i n t e r l o c u s  h e te r o d im e r  formed be ­
tween them. One o f  t h e  h o m o -h e te ro d im er  r e l a t i o n s h i p s  r e p o r t e d  by 
Beremand seems t o  c o r re s p o n d  w i th  bands  t h r e e ,  s i x  and sev en  ( p e r s o n a l  
c o m m u n ic a t io n ) . Band number s i x  was n o t  found  t o  m i g r a te  e x a c t l y  
h a l fw ay  be tw een  bands  t h r e e  and s e v e n ,  a s  e x p e c te d  f o r  most h e t e r o d im e r s  
i n  r e l a t i o n  t o  t h e i r  r e s p e c t i v e  hom odim ers. However, t h e  m i g r a t i o n  r a t e  
o f  a  d im er  i s  n o t  s im p ly  t h e  sum o f  i t s  monomers. H e te ro d im e rs  can  
have  u n iq u e  t e r t i a r y  s t r u c t u r e  w hich  can  r e s u l t  i n  them n o t  m i g r a t i n g  
e x a c t l y  h a lfw a y  be tw een  t h e i r  homodimers.
3) Bands o n e ,  f o u r ,  and f i v e  w ere  a l s o  r e l a t e d  i n  a  hom oheter  -  
d im er r e l a t i o n s h i p :  bands  one and f i v e  b e in g  t h e  r e s p e c t i v e  homo­
d im ers  o f  t h e  two g e n e t i c a l l y  v a r i a b l e  l o c i  Adh^ and Adh^, and
i
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band fo u r  b e in g  th e  h e te ro d im e r  form ed be tw een  them . Band num ber fo u r  
a l s o  d id  n o t  m ig ra te  e x a c t ly  h a lfw a y  i t s  h y p o th e s iz e d  hom odim ers, b u t  
t h i s  d o es  n o t  r u l e  o u t i t s  b e in g  a  h e te ro d im e r .  Type-2 zymograms a p p e a r ­
ed a s  a  r e s u l t  o f  th e  n u l l  a l l e l e  adh^ b e in g  f ix e d  a t  th e  Adh^ lo c u s .
The o b se rv e d  3 :1  F£ s e g r e g a t io n  r a t i o  in  c r o s s e s  be tw een  ty p e -1  and ty p e -  
2 zymograms (Gorman and K ian g , 1978) f i t s  w i th  t h i s  m odel o f  s e g r e g a t in g  
n u l l  and f u n c t i o n a l  a l l e l e s  a t  one lo c u s .  T ype-3  zymograms w ere  th e  
r e s u l t  o f  th e  n u l l  a l l e l e s  adh^ and adh^ b o th  becom ing hom ozygous. The 
F2  s e g r e g a t io n  d a ta  betw een  c r o s s e s  o f  ty p e -1  and ty p e -3  p l a n t s  showed 
th e  e x p e c te d  fo u r  p h e n o ty p ic  c l a s s e s  o f  a  d ih y b r id  c r o s s ,  b u t  n o t  th e  
e x p e c te d  9 :3 :3 :1  r a t i o  o f  two u n lin k e d  l o c i  (Gorman and K ian g , 1 9 7 8 ). 
I n s t e a d ,  a p p ro x im a te ly  a  3 :1  r a t i o  was o b ta in e d ,  w ith  a  t o t a l  o f  n in e  
o u t o f  446 s e e d s  show ing n e i t h e r  p a r e n t a l  zymogram (T a b le  1 4 ) . I t  was 
t h e r e f o r e  s u g g e s te d  t h a t  th e  two l o c i  w ere  l i n k e d ,  w ith  th e  a d d i t i o n a l  
n in e  s e e d s  r e p r e s e n t in g  c r o s s o v e r s  be tw een  th e  two l o c i .  S ix  o f  th e  
c ro s s o v e r  s e e d s  d is p la y e d  th e  ty p e - 2  zymogram, and th r e e  d is p la y e d  
th e  ty p e -4  zymogram (F ig u re  2A and T a b le  1 4 ) .
4) The second  ADH band h a s  an unknown g e n e t ic  c o n t r o l .
I n  summary, th e  max and G^. s o ja  ADH zymograms o b se rv e d  in  
d ry  c o ty le d o n s  a p p e a r  to  be  th e  p ro d u c t o f  f o u r  to  f i v e  l o c i .  Two 
o f  th e s e  l o c i  w ere  found  to  be  g e n e t i c a l l y  v a r i a b l e  and w ere a l s o  
l i n k e d ,  w h ile  th e  o th e r  ADH l o c i  w ere  m onom orphic in  th e  c o l l e c t i v e  
G. max and (3. s o ja  germ plasm  s c re e n e d  (T ab le  13) .
Amylase
Two am y lase s  ( a lp h a  and b e ta )  a r e  found  in  n e a r ly  a l l  p l a n t s  
(W o rth in g to n  M anual, 1 9 7 2 ). They each  a t t a c k  1 ,4 - g l u c o s id ic  bonds in  
b o th  th e  s t r a i g h t  c h a in e d  am ylose s t a r c h  and in  b ran ch e d  a m y lo p e c tin
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s t a r c h e s .  B e ta -a m y la se  i s  c a p a b le  o n ly  o f  h y d ro ly s in g  s e q u e n t i a l  
m a lto s e  u n i t s  from  th e  n o n - re d u c in g  end o f  s t a r c h  c h a in s .  A lp h a - 
am y lase  a p p a r e n t ly  bonds to  s t a r c h  c h a in s  a t  random , b re a k in g  o f f  
s i x  g lu c o s e  u n i t  f ra g m e n ts .  N e i th e r  am y lase  i s  c a p a b le  o f  h y d ro ­
ly s in g  1 , 6  g lu c o s id ic  bonds w hich  form  th e  b ra n c h  p o in t s  o f  am y lo - 
p e c t i n s .  T hus, w h ile  b o th  can  f u l l y  h y d ro ly s e  am y lo se , o n ly  a lp h a -  
am y lase  can  b y p a ss  th e s e  b ra n c h  p o in t s  to  b re a k  up th e  in n e r  c o re  o f 
a m y lo p e c tin . R e is s  (1978) rev ie w e d  th e  l i t e r a t u r e  r e l a t i v e  to  soy ­
b ean  am y la se .
A m ylases have  b een  w e l l  s tu d ie d  in  p l a n t s ,  p a r t i c u l a r l y  in  
r e g a rd  to  g e rm in a tio n  and horm onal r e g u la t i o n  (V arn er and J o h r i ,
1 9 6 8 ). The p r im a ry  f u n c t io n  o f  am y la ses  (p e rh a p s  t h e i r  s o le  f u n c t io n  
in  s e e d s )  i s  th e  breakdow n o f  s t a r c h  r e s e r v e s  f o r  e n e rg y  u se  by 
a c t i v e l y  m e ta b o liz in g  o rg a n s .  T h is  p ro c e s s  may b e  im p o r ta n t f o r  seed  
g e rm in a tio n  in  s e e d s  w h ich  s t o r e  h ig h  l e v e l s  o f  s t a r c h ,  and a p p e a rs  
to  be  h ig h ly  r e g u la t e d .  M u lt ip le  fo rm s o f  am ylase  have been  r e p o r t ­
ed f o r  s e v e r a l  p l a n t s  (F ry d en b u rg  and N e ils o n ,  1965; Macko e t  a l . , 
1967; S c a n d a l io s ,  19 6 9 ).
T h ree  a n o d ic  zymogram ban d s w ith  am y lase  a c t i v i t y  w ere o b s e rv ­
ed in  so y b ean s (Gorman r.nd K ian g , 19 7 7 ), th e  f i r s t  and second  bands 
b e in g  v e ry  w eak, th e  t h i r d  band much s t r o n g e r .  The f i r s t  and second  
bands w ere found  to  be  a lp h a -a m y la s e  and th e  t h i r d  band b e ta -a m y la s e  
( R e is s ,  1978; H ild e b ra n d  and Hym owitz, 1 9 80b). T h is  o b s e r v a t io n  
was c o n s i s t e n t  w ith  p re v io u s  r e p o r t s  t h a t  so y b ean s c o n ta in  predom ­
i n a n t l y  b e ta -a m y la s e ,  w ith  o n ly  a  t r a c e  o f  a lp h a -a m y la se  (Newton 
e t  a l . , 1943; L a u fe r  and D a v is , 1 9 4 4 ). U sing  a  d i s c  e l e c t r o p h o r e s i s  
te c h n iq u e ,  Adams e t  a l .  (1981a) r e p o r te d  f in d in g  s ix  a lp h a -a m y la s e
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e l e c t r o p h o r e t i c  b a n d s .
The m o le c u la r  w e ig h t o f  soybean  b e ta -a m y la s e  was found  to  be  
5 7 ,0 0 0  d a l to n s  and th e  p r im a ry  s t r u c t u r e  c o n s i s te d  o f  494 am ino a c id  r e ­
s id u e s  in  a  s i n g l e  p o ly p e p t id e  c h a in  (M o rita  e t  a l . ,  19 7 6 ). The k i n e t i c  
p r o p e r t i e s  o f  soybean  b e ta -a m y la s e  w ere s tu d ie d  by N i t t a  e t  a l . (1 9 7 9 ).
Four homozygous zymogram ty p e s  w ere o b se rv e d  in  343 G^ . max 
and 141 G_. s o ja  c u l t i v a r s  and p la n t  in t r o d u c t i o n s  (Gorman and K iang , 
1977; K iang e t  a l . ,  1981; K ian g , 1981; Gorman e t  a l . ,  1 9 8 2 b ). No. 
a d d i t i o n a l  ty p e s  w ere o b se rv e d  in  th e  90 G^. max and jG. s o la  
c u l t i v a r s  o r  p l a n t  i n t r o d u c t i o n s  w hich  w ere s c re e n e d  s in c e  th e s e  
r e p o r t s  w ere p u b lis h e d  (A ppendix  I ) . In  zymogram ty p e -1  ( p r e v io u s ly  
d e s ig n a te d  F t y p e ) , th e  b e ta -a m y la s e  band (band th r e e )  had a  m o b il­
i t y  o f  0 .5 1 .  In  ty p e -2  zymograms ( p r e v io u s ly  S ty p e )  t h i s  band 
had a  m o b i l i ty  o f  0 .4 1 .  In  ty p e -3  zymograms (p r e v io u s ly  n u l l -  
2 ty p e )  t h i s  band had a  m o b i l i ty  o f  R^ 0 .4 1 ,  b u t a  g r e a t l y  re d u c e d  
s t a i n i n g  i n t e n s i t y  a s  d id  th e  two a lp h a -a m y la s e  b a n d s . I n  ty p e -4  
(p r e v io u s ly  n u l l - 1 ) th e  am ylase  a c t i v i t y  f o r  a l l  t h r e e  bands was 
e l e c t r o p h o r e t i c a l l y  u n d e te c ta b le  (F ig u re  3 ) .  '.Adams e t  a l .  (1 9 8 1 a ,b )  
r e p o r te d  t h a t  th e  ty p e -4  zymograms had 300 f o ld  l e s s  b e ta -a m y la s e  
a c t i v i t y  th a n  ty p e - 1  zym ograms, b u t th e y  d id  have " q u i t e  low  l e v e l s  
o f  a lp h a -a m y la s e  a c t i v i t y " .  They a l s o  found t h a t  b o th  ty p e -3  
and ty p e -4  p l a n t s  acc u m u la ted  and m e ta b o liz e d  s t a r c h  a s  a  t r a n s i e n t  
r e s e r v e  m a te r i a l  in  th e  same m anner a s  d id  ty p e - 1  and ty p e - 2  p l a n t s .
They c o n c lu d ed  th a t  b e ta -a m y la s e  i s  u n r e la t e d  to  s t a r c h  m e tab o lism  
in  soybeans and t h a t  th e  low  l e v e l  o f  a lp h a -a m y la s e  m ust be  re sp o n ­
s i b l e  f o r  m a in ta in in g  s t a r c h  m e ta b o lism , s in c e  th e y  w ere a l s o  un­




Zymograms o b se rv e d  in  am y lase  s t a in e d  g e l s ,  w here d ry  seed  c o t ­
y le d o n s  w ere u sed  a s  th e  sam ple t i s s u e .  Band number two was n o t  
w e ll  v i s u a l i z e d  on t h i s  p a r t i c u l a r  p h o to g ra p h .
The sym bols + and n r e f e r  to  th e  Am  ^ and am^n a l l e l e s ,  a s  w e l l
a s  f o r  th e  An^ and a m ^  a l l e l e s ,  a t  th e  Am  ^ and th e  An^ l o c i .
s  f  swThe sym bols s ,  f ,  sw and n r e f e r  to  th e  Am  ^ , Am  ^ , Am  ^ and 
am^ 11 a l l e l e s  r e s p e c t i v e l y ,  a t  th e  Am  ^ lo c u s .  A b b re v ia t io n s  w ere 




Am. Genotypes : + /+  + /+  + /+  +/+ + /+  +/+ n /n  n /n  
#
Am. Genotypes : + /+  + /+ '+ /+  + /+  + /+  + /+  n /n  n /n  
#
Am. Genotypes : s / s  f / s  f / s  f / s  f / f  f / f  —  n /n3 sw
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The a v e ra g e  s t a r c h  c o n te n t  (by  w e ig h t)  in  m a tu re  so y b ean  seed  was 
found  to  ra n g e  from  0 .1 7  to  0 .6 0  p e r c e n t ,  and no d i f f e r e n c e  in  s t a r c h  
c o n te n t  was found  be tw een  ty p e -1  and ty p e -4  i s o l i n e s  (K ian g , 1 9 8 1 ). 
W ilson  e t  a l . (1978) a l s o  r e p o r te d  so y b ean s  a s  c o n ta in in g  l e s s  th a n  
one p e r c e n t  s t a r c h .  In  v iew  o f  th e  n o rm al g ro w th  and r e p ro d u c t io n  
o f  th e  ty p e -4  p l a n t s ,  a s  w e l l  a s  th e  low  s t a r c h  c o n te n t  o f  m a tu re  
s e e d s ,  th e  am y lase  a c t i v i t y  l e v e l  in  s e e d s  a p p e a rs  n o t  to  p la y  a  s i g ­
n i f i c a n t  r o l e  in  th e  s u r v iv a l  o f  t h e  soybean  p l a n t  (K ian g , 1981; R e is s ,
1 9 7 8 ). H ow ever, a  p a ra d o x  e x i s t s  a s  b e ta -a m y la s e  i s  among th e  
p r i n c i p a l  b i o l o g i c a l l y  a c t i v e  com ponents o f  soybean  seed  ( K in s e l l a ,
1 9 7 9 ) , and a c c o u n ts  f o r  a  s i g n i f i c a n t  p r o p o r t io n  o f  th e  soybean  
se e d  p r o t e i n  (H ild e b ra n d  and Hym owitz, 1 9 8 0 b ). The o b se rv e d  c o r r e l ­
a t i o n  betw een  am ylase  zymogram ty p e  and m a tu r i ty  (Gorman, 1976) i s  
u n l i k e ly  to  b e  d i r e c t l y  th e  r e s u l t  o f  d i f f e r e n t  am y lase  g e n o ty p e s .
The i n h e r i t a n c e  o f  th e  ty p e -1  and ty p e -2  am y lase  zymograms
was p r e v io u s ly  r e p o r te d  (Gorman and K ian g , 1 9 7 8 ). We found  t h a t
th e s e  two homozygous ty p e s  w ere  c o n t r o l l e d  by two codom inan t a l l e l e s  
f  s(Am^ and Am  ^ ) a t  a  s i n g l e  lo c u s  (Am^) w h ich  co d es  f o r  b e ta -a m y la s e  
(band  t h r e e ) .  H e te ro z y g o te s  d is p la y e d  b o th  th e  0 .5 1  and  0 .41  
bands w ith  th e  l a c k  o f  .any in te r m e d ia te  ban d s s u g g e s t in g  a monom eric 
enzyme s t r u c t u r e  (F ig u re  3 ) .  The i n h e r i t a n c e  o f  th e  ty p e -3  and ty p e -  
4 zymograms h a s  a l s o  been  r e p o r te d  (K ian g , 1981; H ild e b ra n d  and 
Hym owitz, 1 9 8 0 a ). W ith  re g a rd  to  th e  e f f e c t  on th e  b e ta -a m y la s e  b an d , 
ty p e -3  and 4 zymograms w ere found  to  be  th e  p ro d u c ts  o f  two 
a d d i t i o n a l  a l l e l e s  (A m ^^  and am^11) a t  th e  Am  ^ lo c u s .  The Am^SW
g
a l l e l e  (s lo w  weak) w as found  to  be  r e c e s s iv e  to  b o th  th e  Am  ^
and A m ^ a l l e l e s ,  b u t dom inan t to  th e  am^ 11 a l l e l e ,  w h ich  was r e ­
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c e s s iv e  to  a l l  o th e r  a l l e l e s .  H ild e b ra n d  and Hymowitz (1980b) r e ­
p o r te d  t h a t  th e  Am  ^ lo c u s  was th e  same a s  th e  Sp^ n o n - s p e c i f i c ,  seed  
p r o t e i n  lo c u s  r e p o r te d  by L a rse n  (1 9 6 7 ) . They found  t h a t  th e
SWhom ozygotes la c k e d  a  d e t e c t a b l e  p r o t e i n  b an d , w h ile  th e  Am  ^ homo­
z y g o te s  had  a  p r o t e i n  b a n d , b u t  no enzyme b an d . Our o b s e r v a t io n  o f  a 
weak b e ta -a m y la s e  band in  ty p e -3  zymograms i s  in  ag reem en t w ith  th e  
p re s e n c e  o f  th e  Sp^ se e d  p r o t e i n  band (H ild e b ra n d  and Hym owitz, 1980a, 
b ) . W ith r e g a rd s  to  th e  e f f e c t  on bands one and two ( a lp h a - a m y la s e ) , 
zymogram ty p e s  3 and 4 w ere  found  to  be th e  r e s u l t  o f  r e c e s s i v e ,  low  
a c t i v i t y  a l l e l e s  (am^n and am^11) b e in g  homozygous a t  th e  two a lp h a -  
am ylase  l o c i  (Am^ and Ad^ ,) w hich  p ro d u c e  th e s e  bands (Gorman, 1976; 
K ian g , 1 9 8 1 ).
We have o b se rv e d  t h a t  th e  n u l l  o r  low  a c t i v i t y  v a r i a n t s  o f  a l l  
t h r e e  l o c i  (A m ^ ^ , o r  am^11, an^ 11 and am^n ) w ere found  to g e th e r  i n  th e  
o n ly  t h r e e  a c c e s s io n s  w here  any o f  them  have b een  o b s e rv e d . In  
a d d i t i o n ,  th e y  u s u a l ly  rem ain ed  a s s o c ia t e d  in  s e g r e g a t in g  g e n e ra ­
t i o n s ,  w i th  th e  t h r e e  l o c i  a c t in g  a s  one u n i t ,  w ith  a  few e x c e p tio n s  
(K ian g , 1 9 8 1 ). The ty p e -4  zymograms have o n ly  b een  o b se rv e d  in  
th e  p l a n t  i n t r o d u c t i o n  132 .201 and some se e d  o f  th e  c u l t i v a r  A lto n a .
The ty p e -3  zymogram was o n ly  o b se rv e d  in  th e  c u l t i v a r  C h e s tn u t .  None 
o f  th e  p a r e n t  l i n e s  o f  A lto n a  o r  o f  C h e s tn u t ,  known from  p e d ig re e  
r e c o r d s ,  was found  to  h av e  th e  , A ni^S V , am2 n  o r  am^U a l l e l e s ,  su g ­
g e s t in g  t h a t  th e s e  n u l l  o r  low a c t i v i t y  a l l e l e s  may be r e c e n t  m u ta tio n s  
(K ian g , 1981; H ild e b ra n d  and Hymowitz, 1 9 8 1 a). B oth  A lto n a  and C h es tn u t 
o r i g i n a t e  from  th e  s m a l l  soybean  germ plasm  from  R u s s ia ,  w h ile  P I 132.201 
i s  o f  unknown o r i g i n .  I t  i s  u n l i k e ly  t h a t  t h r e e  s e p a r a t e  m u ta t io n a l  
e v e n ts  o c c u r re d  a t  th e  Am^, An^ and Am  ^ l o c i  s im u l ta n e o u s ly .  I t
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was h y p o th e s iz e d  (K ian g , 1981) t h a t  a  m ore l i k e l y  e x p la n a t io n  i s  
t h a t  th e  t h r e e  l o c i  a r e  l in k e d  and t h a t  a  s in g l e  m u ta t io n a l  e v e n t 
o c c u r re d  e i t h e r  a t  a  common c i s  c o n t r o l  s i t e ,  o r  t h a t  a  fram e s h i f t  
o r  a  d e l e t i o n  m u ta t io n ,  a f f e c t i n g  a l l  t h r e e  l o c i ,  o c c u r r e d .  T h is  
would a l s o  e x p la in  th e  te n d e n c y  o f  th e s e  a l l e l e s  to  rem ain  a s s o c i ­
a te d  in  s e g r e g a t in g  g e n e r a t io n s .  The e x c e p t io n s  may r e p r e s e n t  
c ro s s o v e r s  o r  r e t u r n s  to  th e  c o r r e c t  r e a d in g  fram e i f  th e  m u ta tio n  
e v e n t in v o lv e d  th e  s t r u c t u r a l  am y lase  g e n e s .
T ra n s p o s a b le  DNA e le m e n ts  have been  r e p o r te d  in  soyb ean s
(G o ld b erg , 1982) w ith  e f f e c t s  on th e  l o c i  s tu d ie d  s im i l a r  to  th o s e
we h ave  o b se rv e d  f o r  th e  am y lase  l o c i  ( i . e . ,  sp o n ta n e o u s  m u ta tio n
and m u l t ip l e  l o c i  e f f e c t s ) . T ra n s p o s a b le  e le m e n ts  can  a c t  to  b lo c k  
t r a n s c r i p t i o n ,  r e s u l t i n g  in  no p r o te i n  p ro d u c t (su c h  a s  th e  am^
a l l e l e )  o r  re d u c e  t r a n s c r i p t i o n a l  r e a d  th ro u g h , r e s u l t i n g  in  red u ced  
p r o t e i n  s y n th e s i s  ( p o s s ib ly  th e  c a s e  w ith  th e  A m ^^ a l l e l e )  . T ra n s ­
p o s a b le  e le m e n ts  by d e f i n i t i o n ,  a r e  a b le  to  move th ro u g h o u t th e  
genome, and p o t e n t i a l l y  can  a f f e c t  any lo c u s .  T hus, a n o th e r  p o s s ib le  
e x p la n a t io n  f o r  th e s e  n u l l  and low  am y lase  a c t i v i t y  ty p e s  i s  t h a t  a 
t r a n s p o s a b le  e le m e n t, a c t i v e  in  th e  R u ss ia n  germ plasm , moved in to  
th e  am ylase  s t r u c t u r a l  o r  c o n t r o l  r e g io n s .  T h ere  i s  no h a rd  e v id e n c e  
f o r  any o f  th e s e  h y p o th e se s .
In  summary, th e  am y lase  zymograms o b se rv e d  in  d ry  seed  c o ty le d o n  
o f  _G. max o r  (J„ so .ja  w ere th e  p ro d u c ts  o f  t h r e e  l o c i  w hich  may be 
l in k e d  o r  j o i n t l y  r e g u la te d .  The lo c u s  co d in g  f o r  b e ta -a m y la s e  
(band th r e e )  was found  to  h ave  fo u r  a l l e l e s ,  w h ile  th e  two l o c i  
co d in g  f o r  a lp h a -a m y la se  each  had two a l l e l e s  in  th e  c o l l e c t i v e  
G . max and £ .  s o ja  germ plasm  sc re e n e d  (T ab le  1 3 ) . H owever, th e  n u l l
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o r  low  a c t i v i t y  a l l e l e s  o f  a l l  t h r e e  l o c i  l i k e l y  h ave  a j o i n t  
o r i g i n  w hich  may b e  a  m u ta tio n  in  a  common r e g u la to r y  lo c u s  r a t h e r  
th a n  in  th e  t h r e e  s t r u c t u r a l  l o c i .  I f  t h i s  i s  th e  c a s e ,  th e s e  
a l l e l e s  sh o u ld  n o t be in c lu d e d  in  t h i s  i n v e s t i g a t i o n  o f  g e n e t ic  
d i v e r s i t y  ( s e e  m a te r i a l s  and m ethods s e c t i o n ) .  However, th e y  a r e  
o f  such  low fre q u e n c y  t h a t  i t  makes l i t t l e  d i f f e r e n c e  w h e th e r  o r  
n o t  th e y  a r e  in c lu d e d .
A cid P h o sp h a ta se
A cid  p h o s p h a ta s e s  (AP) a r e  n o n s p e c i f i c  p h o sp h o m o n o este ra se s  
u b iq u i to u s  in  b o th  p l a n t s  and a n im a ls .  They c a t a ly z e  th e  fo l lo w in g  
g e n e r a l  r e a c t i o n :  O r th o p h o sp h o r ic  m o n o e ste r + ^ 0 — ♦ a lc o h o l  +
In  b i o l o g i c a l  sy stem s th e  m ain f u n c t io n  o f  AP i s  in  th e  rem oval o f  P^ 
from  phosp h o m o n o este rs  (su ch  a s  ATP, ADP) and from  p h o sp h o -
p r o t e i n s .  AP a c t s  by a t t a c k i n g  th e  p y ro p h o sp h a te  bond (W o rth in g to n  
M anual, 1968 ). The s t a i n i n g  te c h n iq u e  u t i l i z e d  f o r  v i s u a l i z i n g  
AP isozym es (Shaw and P ra s a d ,  1969) u s e s  an u n n a tu ra l  s u b s t r a t e  (Na 
a lp h a -n a p h th y l  a c id  p h o s p h a te ) .  AP a c t i v i t i e s  se e n  u s in g  t h i s  sub ­
s t r a t e  may n o t  e x a c t ly  c o rre sp o n d  to  a c t i v i t i e s  w ith  b i o l o g i c a l  
s u b s t r a t e s .  Two d i f f e r e n t  s u b s t r a t e s ,  a lp h a -  and b e ta - n a p h th y l  a c id  
p h o sp h a te  g iv e  d i f f e r e n t  zymograms in  some p la n t  s p e c ie s .
M u lt ip le  fo rm s o f  AP have b een  r e p o r te d  in  s e v e r a l  c ro p  p l a n t s  
(R udolph and Stahm ann, 1966; Macko et^ a l . ,  1967; Ikaw a eit a l . ,  1964; 
B rew baker e t  a l . ,  1 9 6 8 ). Mayer e t  a l .  (1961) co n c lu d ed  t h a t  a  m in i­
mum o f  t h r e e  and p ro b a b ly  fo u r  d i f f e r e n t  AP form s o c c u r  in  soybean  
m e a l, b a se d  on s e v e r a l  b io c h e m ic a l d i f f e r e n c e s  and on e l e c t r o p h o r e t i c  
a n a l y s i s .  Gorman and K iang (1977) r e p o r te d  f in d in g  t h r e e  d i f f e r e n t
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homozygous AP zymogram ty p e s  in  th e  113 soybean  c u l t i v a r s  exam ined .
T hese zymogram ty p e s  (1 ,  2 and 3) w ere  d i f f e r e n t i a t e d  by th e  m o b i l i ty
(R^ 0 .5 3 ,  0 .4 8 ,  and 0 .4 5 )  o f  one o f  th e  t h r e e  a n o d a l b a n d s , w hich
w ere o b se rv e d  in  d ry  seed  c o ty le d o n s  (F ig u re  4A ). In  th e  403
JG. max and th e  140 G_. s o ja  c u l t i v a r s  and p la n t  in t r o d u c t io n s  w hich
have  now b een  s c re e n e d , we h av e  s t i l l  o n ly  o b se rv e d  v a r i a b i l i t y  in  t h i s
one AP band (A ppendix  1; K iang e t  a l . ,  1981; German e t  a l . ,  1982b ).
However, a  f o u r th  zymogram ty p e ,  h a v in g  a  m ig ra t io n  r a t e  o f  R^ 0 .5 7
f o r  t h i s  b an d , was o b se rv e d  in  a  few  JS. so .ja  p l a n t  in t r o d u c t io n s
(F ig u re  4A ). U sing  a  d i s c  e l e c t r o p h o r e t i c  p ro c e d u re , H ild e b ra n d
.eit . a l . (1980) r e p o r te d  t h a t  zymogram ty p e s  1, 2 and 3 w ere th e  c o n -
3  b  cseq u en ce  o f  t h r e e  codom inan t a l l e l e s  (Ap , Ap and Ap ) a t  a  s in g le
n u c le a r  lo c u s .  We have  made th e  same o b s e r v a t io n  ( s e e  Table', 14) .
H e te ro z y g o te s  v i s u a l i z e d  by e i t h e r  d i s c  o r  s la b  g e l  te c h n iq u e s
showed th e  two p a r e n t a l  bands w ith  no in te r m e d ia te  b an d s , i n d i c a t i n g
a monomorphic enzyme s t r u c t u r e  (F ig u re  4A ). W hile zymogram ty p e -4
3  b  ch a s  n o t  b een  t e s t e d  in  an  a l l e l i s m  t e s t  w ith  th e  Ap , Ap , o r  Ap 
a l l e l e s ,  i t  i s  v e ry  l i k e l y  th e  co n seq u en ce  o f  a  f o u r th  codom inan t
y
a l l e l e  ( t e n t i v e l y  d e s ig n a te d  Ap ) a t  th e  same Ap lo c u s .  Two
n a t u r a l  h e te r o z y g o te s ,  h a v in g  b o th  th e  ty p e -4  (R^ 0 .5 7 ) band and
e i t h e r  th e  ty p e -1  o r  ty p e -2  (R^ 0 .5 3  o r  0 .4 8 )  b an d , w ere o b s e rv e d .
W hile g e n e t ic  v a r i a t i o n  was o n ly  o b se rv e d  in  one lo c u s ,  s e v e r a l  
Ap l o c i  m ust e x i s t  in  so y b e a n s . S in c e  o u r i n i t i a l  r e p o r t  (Gorman 
and K iang , 1977), we h av e  im proved o u r te c h n iq u e  by ad d in g  s t a r c h  
to  g e l s  and u s in g  Shaw and P r a s a d 's  (1969) s t a i n i n g  r e c i p e .  Con­
s e q u e n t ly ,  we a r e  a b le  to  r e s o lv e  a  t o t a l  o f  s i x  AP bands in  d i f f e r e n t  
t i s s u e s .  Dry seed  c o ty le d o n s  r e v e a le d  th r e e  s t ro n g  and two
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Figure 4. AP
A .) Zymogram ty p e s  o b se rv e d  in  AP s t a in e d  g e l s ,  w here d ry  seed  
c o ty le d o n s  w e re 'u s e d  a s  th e  sam ple t i s s u e .
B .) S ch em atic  d ia g ra m s r e p r e s e n t a t i v e  o f  th e  AP zymo­
gram s o b se rv e d  from  d i f f e r e n t  soybean  t i s s u e s  o r  d e v e lo p m e n ta l 
s t a g e s .  Only ty p e -1  zymograms a r e  shown. A ppendix I I  l i s t s  th e  
d e s c r ip t i o n s  f o r  each  o f  th e  a b b r e v ia t io n s  u s e d .
* The ApV a l l e l e  sym bol i s  a t e n t a t i v e  sym bol s in c e  t h i s  a l l e l e  
i s  o n ly  h y p o th e s iz e d  and h a s  n o t  been  co n firm ed  w ith  in h e r i t a n c e  
d a t a .
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weak b a n d s . M alik  and S in g h  (1977) r e p o r te d  f i v e  AP banQ3  in  no rm al 
soybean  seed  c o a t s ,  b u t no ban d s in  a  b la c k  seed  c o a te d  m u ta n t.
F a i r l y  l a r g e  d i f f e r e n c e s  in  AP zymograms among d i f f e r e n t  t i s s u e s  
and d e v e lo p m e n ta l s ta g e s  w ere  o b se rv e d  (F ig u re  4 B ). The g e n e t i c a l l y  
v a r i a b l e ,  band f i v e ,  was a b s e n t  in  m ost t i s s u e s  a f t e r  g e rm in a tio n ,  
w h ile  band s i x  was n o t  v i s u a l i z e d  in  d ry  seed  c o ty le d o n s  ( t h e r e f o r e ,  
i t  was n o t  s c re e n e d  f o r  v a r i a n t s  in  th e  g erm p lasm ), b u t was a c t i v e  
in  s e v e r a l  p o s t - g e r m in a t io n  t i s s u e s .  Bands one and th r e e  showed a 
g r e a t  d e a l  o f  d i f f e r e n c e  in  s t a i n i n g  i n t e n s i t y  betw een  t i s s u e s ,  w ith  
no a p p a re n t  a c t i v i t y  in  some and s t r o n g  s t a i n i n g  i n t e n s i t y  in  o t h e r s .  
Band fo u r  s ta in e d  w eak ly , o r  n o t  a t  a l l ,  i n  a l l  t i s s u e s  o r  d e v e lo p ­
m e n ta l s ta g e s  e x c e p t l e a v e s ,  w h ile  band two had a  s t r o n g  s t a i n in g  
i n t e n s i t y  in  a l l  sa m p le s . W hile  th e  o b s e r v a t io n s  w ere l i m i t e d ,  each  
o f  th e  AP zymogram ban d s seemed to  fo llo w  an in d e p e n d e n t, r e g u la to r y  
e x p r e s s io n  p a t t e r n ,  s u g g e s t in g  in d e p e n d e n t g e n e t ic  o r i g i n s .  The in ­
h e r i t a n c e  o f  th e  fo u r  zymogram ty p e s  d i f f e r i n g  f o r  band f i v e  mo­
b i l i t y ,  th e  m onom eric enzyme s t r u c t u r e  o f  AP, and Mayer e t  a l .  ' s  
(1961) f in d in g  o f  fo u r  b io c h e m ic a l ly  d i f f e r e n t  soybean  AP ty p e s ,  
a l s o  s u g g e s ts  t h a t  eac h  o b se rv e d  band was th e  p ro d u c t o f  a  d i s t i n c t  
lo c u s .  H owever, band two was so l a r g e  and in t e n s e  t h a t  i t  was p o s s ­
ib l y  th e  p ro d u c t o f  two l o c i ,  whose ban d s w ere b lu r r e d  to g e th e r .
The AP zymograms o b s e rv e d  from  _G. c l a n d e s t in a  and G_. to m e n te l la  
and th e  AP zymograms o b se rv e d  in  fo u r  G ly c in e  s p e c ie s  by Broue et_  a l . 
(1977) w ere com plex w ith  many b a n d s , m aking co m p ariso n  w ith  soyb ean s 
d i f f i c u l t .  Many l o c i  a p p a r e n t ly  w ere a c t i v e .
AP i s  r e p o r te d  a s  f u n c t io n in g  s u b c e l l u l a r l y  in  ly sosom es 
(L e h n in g e r , 19 8 2 ). The c e l l  f r a c t i o n a t i o n  p ro c e d u re s  u sed  d id  n o t
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su cceed  in  i s o l a t i n g  AP a c t i v i t y  in  a  d i s t i n c t  f r a c t i o n ,  a s  b o th  
s u p e r n a ta n t  and p e l l e t  f r a c t i o n s  w ere  found to  d i s p la y  a l l  AP b a n d s . 
The p ro c e d u re s  u t i l i z e d  w ere  n o t  d e s ig n e d  to  i s o l a t e  ly so so m e s , 
w hich  m ust have  been  b ro k en  o r  n o t  t o t a l l y  c e n t r i f u g e d  down. How­
e v e r ,  p o l l e n  was found  to  d i s p la y  AP bands two and t h r e e ,  w h ile  
p o l l e n  l e a c h a t e  e s s e n t i a l l y  la c k e d  any AP b a n d s . T h is  s u g g e s ts ,  a s  
e x p e c te d , t h a t  th e  soybean  AP bands w ere n o t  c y to p la s m ic ,  and t h a t  
ly s o s o m e -a s s o c ia te d  enzym es ( l i k e  m i to c h o n d r ia l  and p l a s t i d - a s s o c i a t e d  
enzym es (Weeden and G o t t l i e b ,  1980b) a r e  n o t  s e c r e te d  in  p o l l e n  
l e a c h a t e . '
In  summary, th e  AP zymograms o b se rv e d  in  d ry  seed  c o ty le d o n s  
o f  G_. max and £ .  s o ja  w ere  l i k e l y  th e  p ro d u c ts  o f  f i v e  o r  s i x  l o c i ,  
e ach  p ro d u c in g  a  s e p a r a t e  AP isozym e ( b a n d ) . Bands t h r e e  and fo u r  
had a low  s t a i n in g  i n t e n s i t y  i n  d ry  seed  c o ty le d o n s  m aking s c re e n in g  
f o r  g e n e t ic  v a r i a n t s  v e ry  d i f f i c u l t .  T hus, o n ly  t h r e e  o f  f o u r  AP 
l o c i  w ere  a c t u a l l y  s c re e n e d  in  th e  c o l l e c t i v e  £ .  max and G_. so .ja  
germ plasm  (T a b le  1 3 ) . O nly one lo c u s  was found to  be  g e n e t i c a l l y  
v a r i a b l e ,  h a v in g  fo u r  a l l e l e s  (T a b le  1 3 ).
D ia p h o ra se
The d ia p h o ra s e s  (D ia) a r e  a  u b iq u i to u s  c l a s s  o f  enzymes c a p a b le  
o f  th e  o x id a t io n  o f  NADH w ith  c e r t a i n  a r t i f i c i a l  dyes (su c h  a s  2 ,6 -  
d ic h lo ro p h e n o l  in d o lp h e n o l)  a s  a c c e p to r s  (W o rth in g to n  M anual, 19 6 8 ). 
T h e ir  f u n c t io n  in  p l a n t s  i s  unknown. S in c e  th e y  a r e  e l e c t r o p h o r -  
e t i c a l l y  a s s a y e d  w ith  an  a r t i f i c i a l  s t a i n i n g  sy s tem , s e v e r a l  f u n c t io n ­
a l l y  and m o le c u la r ly  d i f f e r e n t  enzyme ty p e s  may f a l l  i n t o  th e  D ia  
a c t i v i t y  g ro u p .
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D ia zymograms in  soyb ean s w ere found to  be  q u i t e  com plex , w ith  
a s  many a s  tw e lv e  a n o d a l bands v i s i b l e  in  some t i s s u e s  (F ig u re  5A ). 
S ix te e n  d i f f e r e n t  homozygous D ia zymogram ty p e s  w ere found in  
th e  403 £ .  max and 108 G^ . so .ja  c u l t i v a r s  and p l a n t  in t r o d u c t io n s  ex ­
am ined (A ppendix  1; Gorman e t  a l . , 1982a, b ,  1983; K iang and Gorman, 
1983 ). T hese s ix te e n  zymogram ty p e s  w ere d e l in e a t e d  by v a r io u s  
c o m b in a tio n s  o f  f o u r  d i s t i n c t  e l e c t r o p h o r e t i c  v a r i a n t s .
The f i r s t  o f  th e s e  D ia v a r i a n t s  a f f e c t e d  th e  e x p re s s io n  o f  a  
c l u s t e r  o f  f i v e  bands (bands one th ro u g h  f i v e ) ,  w ith  m o b i l i t i e s  o f  R^ 
0 .1 9 , 0 .2 2 ,  0 .2 5 ,  0 .2 8 ,  and 0 .3 1 ,  r e s p e c t i v e l y .  Two homozygous zymo­
gram ty p e s  w ere  o b s e rv e d , w ith  r e s p e c t  j u s t  to  bands one th ro u g h  f i v e .
The f i r s t  had band one (R^ 0 .1 9 )  a s  th e  l e a s t  i n t e n s e ,  w h ile  th e
o th e r  f o u r  bands s l i g h t l y  in c re a s e d  in  s t a i n i n g  i n t e n s i t y  w ith  mo­
b i l i t y  (odd num bered zymograms in  F ig u re  5A ). The second  ty p e  had 
band one w ith  th e  g r e a t e s t  i n t e n s i t y ,  w h ile  th e  o th e r  fo u r  bands 
d e c re a s e d  in  i n t e n s i t y  w ith  m o b i l i t y ,  so t h a t  bands fo u r  and f i v e
(R^ 0 .2 8  and 0 .3 1 )  w ere g e n e r a l ly  n o t  v i s i b l e  (even  num bered zy ­
mograms in  F ig u re  5A ). I t  i s  h y p o th e s iz e d  t h a t  t h i s  f i v e  band 
c l u s t e r  i s  th e  p ro d u c t o f  two D ia l o c i  w hose monomers i n t e r a c t  to  
form  i n t r a -  and in t e r l o c u s  t e t r a m e r s .  The two homozygous zymogram 
ty p e s  o b s e rv e d , r e s u l t e d  from  one o f  two in c o m p le te ly  dom inant 
a l l e l e s  becom ing homozygous a t  one o f  th e s e  i n t e r a c t i n g  l o c i .  The 
two a l l e l e s  d i f f e r e d  by t h e i r  D ia a c t i v i t y  o r  l e v e l  o f  enzyme p ro ­
d u c t io n .  Two i n t e r a c t i n g  l o c i  whose monomers com bine in to  t e t r a m e r s ,  
would be e x p e c te d  to  form  two h o m o te tram ers  and th r e e  i n t e r lo c u s  
h e t e r o te t r a m e r s ,  r e s u l t i n g  in  f i v e  bands ( s e e  F ig u re  5A ). C ro sse s  




A .) Zymogram ty p e s  o b se rv e d  in  D ia s ta in e d  g e l s ,  w here d ry  seed  
c o ty le d o n s  w ere  u sed  a s  th e  sam ple t i s s u e .  The num bers 1 and 5 , u n d er 
th e  s u b u n i ts  h e a d in g , r e f e r  to  D ia monomers: monomer 1 b e in g  p ro d u ced  
by th e  Di^ lo c u s ,  and monomer 5 by Di^ (a  h y p o th e s iz e d  lo c u s )  w hich  
i n t e r a c t s  w ith  D i^ .
B .) S ch em atic  d ia g ra m s r e p r e s e n t a t i v e  o f  th e  zymograms o b se rv ed  
from  d i f f e r e n t  soybean  t i s s u e s  o r  d e v e lo p m e n ta l s t a g e s .  Only ty p e -1  
zymograms a r e  shown. A ppendix I I  l i s t s  th e  d e s c r ip t i o n s  f o r  eac h  o f  
th e  a b b r e v ia t io n s  u s e d .
C .) S ch em atic  d ia g ra m s o f  D ia zymograms (from  c o ty le d o n s  sam pled 
w i th in  24 h o u rs  a f t e r  s e e d s  began  to  im bibe w a te r )  o b se rv e d  in  th e  
d i f f e r e n t  G ly c in e  s p e c ie s  exam ined . Cl th ro u g h  C4 a r e  d i f f e r e n t  zymo­
gram ty p e s  o b se rv e d  in  (S. c l a n d e s t i n a . Ml i s  f o r  £ .  max zymogram 
ty p e -1 ,  in c lu d e d  f o r  r e f e r e n c e ,  and T1 and T2 a r e  f o r  th e  (J. to m e n te l la  
zymogram ty p e s  o b s e rv e d .
* B ecause o f  sp a c e  l i m i t a t i o n s ,  th e  sym bol D was u sed  to  a b b r e v ia te
th e  dom inant a l l e l e s  D i^ , Di^ and Di ,^ and th e  sym bol d th e  r e c e s s iv e
a l l e l e s  d i ^ ,  d i^  and  d i ^ ,  w h ile  th e  sym bols f  and s w ere u sed  to
f  sa b b r e v ia te  th e  codom inan t a l l e l e s  and Di£ .
Figure 5. Dia
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Dil Genotypes:* D/D d/d D/d D/D d/d D/D d/d D/D d/d D/D d/d d/d D/D d/d D/D d/d D/D d/d
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Table 1. In h e r ita n c e  of a l l e l e s  a t  th e  D ij ,  Dig and Di^ l o c i .
Crosses
F2 seeds and 
p la n t-p ro g e n ie s
Fg seeds from H type 
F2  p la n ts
Zymogram ty p es: 1 ,3 ,5 ,7 H 2 ,4 ,6 ,8 1 ,3 ,5 ,7 H 2 ,4 ,6 ,8
Di^ Genotypes: D i1/D i1 D i j /d i j d i j / d i j D i1/D i1 D ij/d ij^ d i j / d i j
Cayuga X Evans 
Zymogram type 2 X 1  
d i 1/ d i 1 X Dij/Dij^
16 37 22 17 25 16
P I4 0 6 .684 X A73-109084 
Zymogram type 2 X 1  
d i 1/ d i 1 X D i1/D i1
6 18 7 9 26 13
E lton  X K ingston 
Zymogram type 7 X 4  
D ^ /D ij  X d i 1/ d i 1
T o ta l observed:
25 41 17 14 45 20
47 97 46 40 96 49
2X (expected  1 :2 :1 ) =» 0.09 = n .s .* * 1.13 = n . s .
Zymogram ty p es: 1 ,2 ,7 ,8 H 3,4 ,.5 ,6 1 ,2 , _7j8 H 3 ,4 ,5 ,6
Di2  Genotypes: ■V D12f Di2S Di2f Di2S
Di2f D12S Di2S D12f
_ . s 
2 M 2S
A73-25050 X PI407.195 
Zymogram type 1 X 4 8 14 7 14 32 16
Di2f /D i2f  X Di2S/D i2S
Amsoy X W ilson 
Zymogram type 1 X 4 14 45 31 32 67 37
Di2£/D i2£ X Di2S/D i28
K ingston X E lton  
Zymogram type 4 X 7 20 38 26 10 22 10
Di23/D i2S X Dl2£/D i2f 
T o ta l observed: 42 97 64 56 121 63
2X (expected 1 :2 :1 ) = 5.17 = n . s . 0.44 = n . s .
* F£ p la n t-p ro g e n ie s  and F2  seeds were th e  same except fo r  th o se  F2
seeds no t germ inated , s in c e  th e  e le c tro p h o re t ic  technique was non­
d e s tru c t iv e  allow ing  progeny t e s t s  on th e  same F2  seeds.
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Table 1 con tinued .
Crosses F2 1seeds F2
Fp la n t-  3 
p rogen ies
seeds from 
Seg Fg p la n ts
Zymogram ty p es: 1-4 5-8 1-4 Seg§ 5-8 1-4 5-8





' d i 3
d i 3
d i 3
Dig d i 3
d l 3
Agate X E lton  
Zymogram ty p e  1 X 7  
Dl3/D i3 X d l 3/ d i 3
35 12 8 11 10 57 24
E lton  X K ingston 
Zymogram type 7 X 4  
d i3/ d i 3 X Di3/D i3
T o ta l observed:
94 31 8 13 5 42 15
139 43 16 24 15 99 39
X2 (3 :1 . 1 :2 :1 , 3 :1) - 0.19 * n . s . 0. 93 = n,.8 . 0.78 - n .s .* *
Zymogram ty p es: 1-8 9-16
Di^ Genotypes: d i4
d i4
PI407.296 X W ells 
Zymogram type  12 X 2 
d i 4 / d i 4 X Di4 / D i 4
19 6
T o ta l observed: 19 6
2
X (expected 3:1) =* 0.(31 = n . s .
P i 's  406.684, 407.195 and 407.296 a re  £ .  so ja  p la n t in tro d u c tio n s , w hile 
A73-109084 and A73-25050 a re  experim en tal £ .  max l in e s .
§ Seg equals  se g reg a tin g  in  th e  Fg g e n e ra tio n .
** S ig n ific a n c e  was determ ined a t  th e  5% le v e l ,  w ith  n . s .  equal to  no t 
s ig n i f ic a n t .
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t i o n  r a t i o  (T a b le  1 ) .  H e te ro z y g o te s  (H -ty p e  in  F ig u re  5A) d i s ­
p la y e d  zymograms in  w hich  a l l  f i v e  bands w ere v i s i b l e ,  b u t  band 
i n t e n s i t y  d e c re a se d  w ith  m o b i l i t y .  O nly s e e d s  w ith  t h i s  H -ty p e  
zymogram in  th e  F2  g e n e r a t io n  s e g re g a te d  in  th e  F ^ , and th e r e  was 
no d i f f e r e n c e  be tw een  r e c i p r o c a l  c r o s s e s .  The lo c u s  in v o lv e d  was 
d e s ig n a te d  D i^ , w ith  th e  v a r i a n t  a l l e l e s  D lt and d i 1 . The 
d i^  a l l e l e ,  when hom ozygous, p ro d u ced  th e  even  num bered zymogram 
ty p e s  i n  F ig u re  5A> and th e  Di^ a l l e l e  th e  odd num bered zymogram 
ty p e s .  The lo c u s  w ith  w hich  Di^ i n t e r a c t s  was t e n t a t i v e l y  d e s ig ­
n a te d  H i,.. The d i^  a l l e l e ' s  p ro d u c t m ust h av e  weak D ia  a c t i v i t y  
o r  low  l e v e l s  o f  p ro d u c t io n ,  a s  th e  h o m o te tram er form ed by i t  (band 
f i v e ,  0 .3 1 )  was n o t  e l e c t r o p h o r e t i c a l l y  v i s u a l i z e d ,  w h ile  th e  
t h r e e  i n t e r l o c u s  h e te r o te t r a m e r s  (bands tw o , t h r e e  and fo u r )  d e c r e a s ­
ed in  s t a i n i n g  i n t e n s i t y  w ith  th e  number o f  d i^  monomers th e y  c o n ta in  
(F ig u re  5A ). F u r th e r  s u p p o r t  f o r  t h i s  m odel was o b ta in e d  from  ob­
s e r v a t i o n s  o f  D ia  zymograms in  d i f f e r e n t  t i s s u e  and d ev e lo p m e n ta l 
s t a g e s ,  a s  w e l l  a s  from  zymograms in  r e l a t e d  s p e c ie s .  In  c e r t a i n  
t i s s u e s  and d e v e lo p m e n ta l s ta g e s  o f  D i^’ hom ozygo tes, band one was th e  
s t r o n g e s t ,  w h ile  th e  o th e r  f o u r  bands d e c re a s e d  in  i n t e n s i t y  w ith  
m o b i l i ty  (F ig u re  5B ). In  s t i l l  o th e r  t i s s u e s  th e  bands w ere e q u a l in  
i n t e n s i t y .  The d i f f e r e n c e  in  d e v e lo p e m e n ta l p a t t e r n s  i s  b e l ie v e d  
to  be cau sed  by d i f f e r e n t  l e v e l s  o f  p ro d u c t io n  f o r  th e  two i n t e r a c t i n g  
l o c i  in  d i f f e r e n t  t i s s u e s  o r  g row th  s t a g e s .  The key  p o in t  b e in g  
t h a t  ban d s tw o , t h r e e  and f o u r ,  th e  p ro p o sed  i n t e r l o c u s  h e t e r o t e t r a ­
m e rs , a lw ay s form ed a  g r a d ie n t  betw een  th e  i n t e n s i t i e s  o f  bands one 
and f i v e ,  th e  p ro p o sed  h o m o te tra m e rs . T h is  i s  w hat would be  ex p e c te d  
f o r  i n t e r l o c u s  iso zy m es . The G_. c l a n d e s t in a  p l a n t  i n t r o d u c t io n s  e x -
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am ined w ere found  to  have two d i f f e r e n t  zymogram ty p e s  w ith  r e s p e c t  
to  bands on e , th ro u g h  f i v e .  In  th e  f i r s t ,  a l l  f i v e  bands had th e
same m o b i l i ty  (R^ 0 .1 9 ,  0 .2 2 ,  0 .2 5 ,  0 .2 8 ,  and 0 .3 1 ) a s  in  (3. max
and (3. so .ja , b u t in  th e  second, th e  m o b i l i ty  o f  j u s t  bands one th ro u g h  
fo u r  was in c r e a s e d ,  r e s u l t i n g  in  a  more com pact c l u s t e r  (F ig u re  5C ).
The f a c t  t h a t  a l l  fo u r  b a n d s , w hich  w ith  t h i s  m odel would c o n ta in
monomers from  one o f  th e  two i n t e r a c t i n g  l o c i  ( D i^ ) , .had an  a l t e r e d
m o b i l i ty  i s  f u r t h e r  s u p p o r t f o r  th e  h y p o th e s is  t h a t  t h i s  f i v e  band 
c l u s t e r  was th e  p ro d u c t  o f  two i n t e r a c t i n g  l o c i .  S u b c e l lu la r  f r a c t i o n ­
a t i o n  s tu d i e s  r e v e a le d  t h a t  bands one th ro u g h  f i v e  w ere a l l  l o c a l i z e d  
in  m ito c h o n d r ia .
The second  D ia  e l e c t r o p h o r e t i c  v a r i a n t  in v o lv e d  th e  m o b i l i ty  o f  
th e  s e v e n th  and e ig h th  P ia  b a n d s . Two homozygous zymograms w ere ob­
se rv e d  w ith  r e s p e c t  to  th e s e  two b a n d s . In  th e  f i r s t  (zymogram 
ty p e s  1, 2 , 7 , 8 , 9 , 10 , 15, and 16 in  F ig u re  5A) th e  two bands had 
a  m ig ra t io n  r a t e  o f  R^ 0 .4 6  and 0 .5 1 ,  and in  th e  second (zymogram 
ty p e s  3 , 4 , 5 , 6 , 11, 12 , 13, and 14 in  F ig u re  5A) th e y  had a  mo­
b i l i t y  o f  R^ 0 .4 1  and 0 .4 7 .  I t  i s  h y p o th e s iz e d  t h a t  a  s in g le  
lo c u s  w ith  two v a r i a n t  codom inant a l l e l e s  i s  r e s p o n s ib le  f o r  th e  
d i f f e r e n c e .  In  c r o s s e s  betw een  th e  tw o , a  1 :2 :1  s e g r e g a t io n  
r a t i o  was o b se rv e d  (T a b le  1 ) . H e te ro z y g o te s  d is p la y e d  a  zymogram 
(H -ty p e  in  F ig u re  5A) in  w hich  o n ly  th e  p a r e n t a l  s e t s  o f  ban d s w ere 
se e n , i n d i c a t i n g  a  m onom eric enzyme s t r u c t u r e  f o r  th e s e  D ia iso zy m es. 
O nly F2  s e e d s  show ing th e  H -ty p e  zymogram s e g re g a te d  in  th e  F^ gen­
e r a t i o n .  T h ere  was no d i f f e r e n c e  be tw een  r e c i p r o c a l  c r o s s e s .  The 
lo c u s  in v o lv e d  w ith  t h i s  D ia v a r i a n t  was d e s ig n a te d  D i j ’
f
th e  v a r i a n t  codom inan t a l l e l e s  D i2  (p ro d u c in g  th e  bands a t  R^ 0 .4 6
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and 0 .5 1 ) and D igS (p ro d u c in g  th e  bands a t  R^ 0 .4 1  and 0 .4 7 ) .  A ll  
t i s s u e s  and d e v e lo p m e n ta l s ta g e s  t e s t e d  had bands sev en  and e i g h t ,  
e x c e p t p o l l e n  (F ig u re  5B ), a s  d id  a l l  G^ . c l a n d e s t in a  and G^. to m e n te l la  
p la n t  in t r o d u c t io n s  t e s t e d .  However, th e  m o b i l i ty  o f  bands seven  and 
e ig h t  in  th e s e  s p e c ie s  i s  f a s t e r  th a n  in  max and G^. so .ja . A ll  th e  
e v id e n c e  in d i c a t e s  t h a t  b o th  bands sev en  and e ig h t  a r e  th e  p ro d u c ts  
o f  th e  same lo c u s  ( D i g ) .
The t h i r d  D ia  e l e c t r o p h o r e t i c  v a r i a n t  had two homozygous zymo­
gram ty p e s  ( ty p e s  5 , 6 , 7 , 8 , 13, 14 , 15, and 16 v s .  ty p e s  1, 2 , 3 , 4 ,
9 , 10, 11, and 12 in  F ig u re  5A) w hich  d i f f e r e d  in  th e  p re s e n c e  o r  
a b se n c e  o f  band 10 (Rf  0 .6 2 ) .  I t  i s  h y p o th e s iz e d  th a t  a  s in g l e  lo c u s  w ith  
v a r i a n t  dom inan t and r e c e s s iv e  a l l e l e s  i s  r e s p o n s ib le  f o r  th e  d i f f ­
e re n c e .  I n  c r o s s in g  th e  two ty p e s ,  a 3 (band 10 p r e s e n t )  : 1 (band 10 
a b s e n t)  Fg s e g r e g a t io n  r a t i o  was o b s e rv e d , w ith  no d i f f e r e n c e  betw een  
r e c i p r o c a l s  (T a b le  1 ) .  Fg se e d s  w ith o u t band te n  b re d  t r u e ,  b u t 
a p p ro x im a te ly  two o u t o f  e v e ry  t h r e e  Fg se e d s  w ith  band te n  s e g re g a te d  
in  th e  Fg g e n e r a t io n  (T a b le  1 ) .  The lo c u s  in v o lv e d  was d e s ig n a te d
D ig , w ith  th e  dom inan t a l l e l e  Dig and th e  r e c e s s iv e  a l l e l e  d ig .  A ll
t i s s u e s  and d e v e lo p m e n ta l s ta g e s  t e s t e d  had bands n in e  and te n  e x c e p t 
p o l l e n  (F ig u re  5B ), a s  d id  a l l  _G. to m e n te l la  p l a n t  i n t r o d u c t i o n s .
£ .  c l a n d e s t in a  was o b se rv e d  to  b e  p o ly m o rp h ic  f o r  a  v a r i a n t  la c k in g  
b o th  bands n in e  and t e n ,  s u g g e s tin g  a  p o s s ib le  r e l a t i o n s h i p  betw een 
th e s e  two b a n d s . Band te n  in  G_. max and (3. so .ja  was c l e a r l y  th e  p ro ­
d u c t  o f  th e  Dig lo c u s ,  w h ile  band n i n e 's  g e n e t ic  o r ig i n  was u n c e r t a in .
The c r o s s  o f  th e  c u l t i v a r s  E lto n  and K in g s to n  s e g r e g a te s  f o r  
th e  t h r e e  D ia l o c i  D i^ , Dig and D ig . The d a ta  c o l l e c t e d  from  t h i s
c ro s s  was c o n s i s t e n t  w ith  a m odel o f  t h r e e  d i s t i n c t  D ia v a r i a b l e
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l o c i ,  a s  a l l  o f  th e  e ig h te e n  e x p e c te d  p h e n o ty p ic  c l a s s e s  have been  ob­
s e rv e d .  The d a ta  from  t h i s  c r o s s ,  a lo n g  w ith  o th e r  c r o s s e s ,  i n d i c a t e s  
t h a t  th e s e  t h r e e  D ia  l o c i  a r e  n o t  l in k e d  (T a b le  1 4 ) .
The f o u r th  D ia e l e c t r o p h o r e t i c  v a r i a n t  o b s e rv e d , in v o lv e d  th e  
p re s e n c e  (Zymogram ty p e s  one th ro u g h  e ig h t  in  F ig u re  5A) o r  ab se n c e  
(zymogram ty p e s  n in e  th ro u g h  s ix te e n  in  F ig u re  5A) o f  ban d s e le v e n  and 
tw e lv e  (R^ 0 .6 8  and 0 .7 5 ) .  Only l im i t e d  g e n e t ic  s e g r e g a t io n  d a ta  
f o r  t h i s  v a r i a n t  was c o l l e c t e d  (T a b le  1 ) .  T hese  d a ta  s u g g e s t t h a t  
th e  p re s e n c e  o f  th e  two ban d s i s  c o n d i t io n e d  by a  dom inan t a l l e l e  
( t e n t a t i v e l y  d e s ig n a te d  D i^ ) , w h ile  th e  la c k  o f  ban d s e le v e n  and 
tw e lv e  i s  c o n d i t io n e d  by a  r e c e s s iv e  a l l e l e  ( t e n t a t i v e l y  d e s ig n a te d  
d i^ )  a t  a  s i n g l e  D ia lo c u s  ( D i^ ) • T here  was c o n s id e r a b le  d i f f e r e n c e  
in  th e  e x p re s s io n  o f  th e s e  two ban d s betw een  sam p les  from  d i f f e r e n t  
t i s s u e s  o r  d e v e lo p m e n ta l s ta g e s  (F ig u re  5 B ), a s  t h e r e  was betw een 
d i f f e r e n t  e l e c t r o p h o r e t i c  ru n s  f o r  d ry  seed  c o ty le d o n s .  T hese bands 
a p p e a r  to  be  h e a t  l i a b l e  and w ere e a s i l y  l o s t  d u r in g  e l e c t r o p h o r e t i c  
r u n s .  B oth  G^. c l a n d e s t in a  and jG. to m e n te l la  w ere found  to  be  p o ly ­
m orph ic  f o r  th e  p re s e n c e  o r  a b se n c e  o f  th e  f a s t e s t  m ig ra t in g  band ob­
s e rv e d .  T h is  s in g l e  band may g e n e t i c a l l y  c o rre s p o n d  to  bands e le v e n  
and tw e lv e  in  G_. max and G_. s o .ja . Broue _et a l .  (1977) a l s o  r e p o r te d  
w hat seem s to  b e  th e  same v a r i a n t  in  fo u r  G ly c in e  s p e c ie s .  A l l  th e  
e v id e n c e  g a th e re d  s u g g e s ts  t h a t  bands e le v e n  and tw e lv e  a r e  th e  p ro d u c t 
o f  a s in g l e  D ia lo c u s  ( D i^ ) .
The o n ly  D ia zymogram bands u n a f f e c te d  by any o f  th e  g e n e t ic  
v a r i a n t s  o b se rv e d  to  d a t e ,  a r e  ban d s s i x  and n in e .  Band s ix  was 
h ig h ly  i r r e g u l a r  in  i t s  e x p r e s s io n .  I t  may n o t  r e p r e s e n t  a  r e a l  D ia 
isozym e o r  i t  may be th e  p ro d u c t o f  a u n iq u e  lo c u s .  I t s  a c t i v i t y
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was to o  low and in c o n s i s t a n t  in  d ry  seed  c o ty le d o n s  f o r  me to  s c re e n  
th e  germ plasm  f o r  p o s s i b le  v a r i a n t s .  Band n in e  was c o n s i s t e n t l y  ob­
se rv e d  in  a l l  sa m p le s . I t  may be  a  p ro d u c t o f  th e  Di^ lo c u s ,  s in c e  
i t  shows s im i l a r  e x p re s s io n  p a t t e r n s  w ith  band te n ,  o r  i t  may be th e  
p ro d u c t o f  a u n iq u e  lo c u s .
C e l l  f r a c t i o n a t i o n  s tu d i e s  in d i c a te d  t h a t  bands one th ro u g h  s ix  
w ere a s s o c ia t e d  w ith  m ito c h o n d r ia ,  w h ile  ban d s sev en  th ro u g h  tw e lv e  
w ere c y t o s o l - a s s o c i a t e d .  The d i f f e r e n c e  in  s u b c e l l u l a r  a c t i v i t y  s i t e ,  
po lym er s t r u c t u r e ,  and p a t t e r n  o f  e x p re s s io n  in d ic a te d  t h a t  a t  l e a s t  
two d i s t i n c t  enzyme ty p e s  w ith  D ia  a c t i v i t y  o c c u r in  so y b e a n s .
In  summary, th e  D ia zymograms o b se rv e d  from  d ry  seed  c o ty le d o n s  
o f  (3. max and G_. so .ja  w ere  th e  p ro d u c ts  o f f i v e  to  sev en  D ia l o c i .
Only f i v e  o r  s i x  l o c i  w ere s c re e n e d  in  th e  c o l l e c t i v e  (3. max and 
G^. s o ja  germ plasm  (T a b le  1 3 ) . Two l o c i  w ere m i to c h o n d r ia - a s s o c ia te d ,  
and t h e i r  monomers i n t e r a c t e d  to  form  i n t r a -  and in t e r l o c u s  t e t r a m e r s .  
One o f  th e s e  l o c i  (D i^) was found  to  h ave  two a l l e l e s  in  th e  (3. max 
and (3. s o ja  germ plasm , w h ile  th e  o th e r  was m onom orphic (T a b le  13) . At 
l e a s t  t h r e e  and p o s s ib ly  fo u r  l o c i  p rod u ced  th e  c y t o s o l - a s s o c i a t e d  
bands sev en  th ro u g h  tw e lv e .  The th r e e  co n firm ed  l o c i  (D i2 » D i^ and 
D i^) each  w ere found to  have  two a l l e l e s  in  th e  G_. max and G_. s o ja  
germ plasm  t e s t e d  (T a b le  1 3 ).
G lu c o s e - 6 -p h o s p h a te  D ehydrogenase
G lu c o se - 6 -p h o s p h a te  d eh y d ro g en a se  (GPD) i s  one o f  th e  key  en<- 
zymes o f  su g a r  m e tab o lism  in  a l l  o rg a n ism s . I t  i s  th e  f i r s t  enzyme 
o f  th e  p h o sp h o g lu c o n a te  p e n to se  p h o sp h a te  (PPP) pathw ay (h ex o se  mono­
p h o s p h a te  s h u n t ) ,  w here i t  h a s  a  m a jo r r e g u la to r y  f u n c t io n  in  d e t e r -
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m in ing  th e  r a t e  o f  m e ta b o lic  f lu x  th ro u g h  th e  PPP, o r  a l t e r n a t i v e l y  
th ro u g h  th e  g ly c o l y t i c  and t r i c a r b o x y l i c  a c id  c y c le  seq u en ces  <
(L e h n in g e r , 1982; L evy, 1979; Jo h n so n , 1 9 7 6 ). T hus, GPD i s  one o f  th e  
key b ra n c h  p o in t  enzym es in  c e n t r a l  m e ta b o lism . GPD c a t a ly z e s  th e  
fo llo w in g  r e a c t i o n :
D -g lu c o s e -6 -p h o s p h a te  + NADP——4  D -g lu c o n o - la c to n e -6 -p h o s p h a te  + NADH 
M u lt ip le  GPD isozym es have been  r e p o r te d  in  a  number o f  s p e c ie s  
(L evy, 1979, H e rb e r t  e t  a l . ,  19 7 9 ). I n  th e  397 G_. max and 125 G^ . s o ja  
c u l t i v a r s  and p l a n t  in t r o d u c t i o n s  t e s t e d ,  two d i f f e r e n t  homozygous GPD 
zymogram ty p e s  h av e  b een  o b se rv e d  (Gorman e t  a l . ,  1982a, 1983; K iang 
and Gorman, 1983; A ppendix  1 ) .  In  t i s s u e s  w hich  had r e l a t i v e l y  h ig h  
GPD a c t i v i t y  (im m atu re  and g re e n  c o ty le d o n s ,  a s  w e ll  a s  n o d u le s ,  s e e  
F ig u re  6B) b o th  zymogram ty p e s  showed f i v e  b a n d s . The ty p e -1  zymograms 
had c o n s id e r a b le  w eaker bands t h r e e ,  fo u r  and f i v e  (R ^ 's  0 .3 1 ,  0 .3 6  
and 0 .4 0 ) ,  p a r t i c u l a r l y  bands fo u r  and f i v e ,  in  a l l  t i s s u e s  th a n  d id  
th e  ty p e -2  zym ograms, b u t  band m o b i l i t i e s  w ere th e  same (F ig u re  6A ).
In  d ry  seed  c o ty le d o n s ,  th e  t i s s u e  u sed  to  s c re e n  th e  soybean  germ­
p la sm , bands fo u r  and f i v e  g e n e r a l ly  w ere  n o t  w e ll  v i s u a l i z e d  in  
ty p e -1  sa m p le s , b u t  w ere  v i s i b l e  in  ty p e -2  sa m p le s . Band t h r e e  was 
t h e  s t r o n g e s t  and band f i v e  th e  w eak es t in  a l l  sa m p le s , w ith  band 
fo u r  in t e r m e d ia te  in  i n t e n s i t y  and m o b i l i ty  (F ig u re  5 ) .  F c t t r e l l  
(1968) s tu d ie d  c y to p la s m ic  enzymes from  o n ly  a  few  sam ples o f  soybean  
n o d u le s ,  and r e p o r te d  o n ly  one GPD e l e c t r o p h o r e t i c  b an d , w h ile  th e  
o th e r  legum es s tu d ie d  had th r e e  b a n d s . The c u l t i v a r  u sed  was n o t  
r e p o r te d ,  b u t i t  was l i k e l y  th e  m ore common ty p e -1  (low  i n t e n s i t y ) , 
in  w hich  o n ly  band t h r e e  m ig h t h av e  been  v i s i b l e .
I t  i s  h y p o th e s iz e d  t h a t  th e  d i f f e r e n c e  i n  i n t e n s i t i e s  o f  b an d s  t h r e e ,
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Figure 6. GPD
A .) Zymogram ty p e s  o b se rv e d  in  GPD s ta in e d  g e l s .  The ty p e -1  
zymogram on th e  l e f t  was o b ta in e d  from  a  r o o t  sam ple ( n o t i c e  t h a t  
th e  p l a s t i d - a s s o c i a t e d  ban d s one and two a r e  a b s e n t ) , w h ile  th e  
r e s t  o f  th e  zymograms p i c tu r e d  w ere  o b ta in e d  from  im m ature g re e n  
c o ty le d o n s .  S in c e  th e  e l e c t r o p h o r e t i c  te c h n iq u e s  em ployed w ere  
n o t  q u a n t i t a t i v e ,  v a r i a b i l i t y  in  th e  s t a i n i n g  i n t e n s i t y  o f  sam ples 
w ith  th e  same zymogram ty p e  was o b s e rv e d . T h is  ty p e  o f  v a r i a b i l i t y  
a f f e c t e d  a l l  b a n d s , w h ile  th e  d i f f e r e n c e  betw een  ty p e -1  and 2 zymo­
gram s m a in ly  en v o lv ed  th e  s t a i n i n g  i n t e n s i t y  o f  bands fo u r  and f i v e .
B .)  S ch em atic  d ia g ra m s o f  GPD zymograms o b se rv e d  when v a r io u s  
soybean  t i s s u e s  o r  d e v e lo p m e n ta l s ta g e s  w ere  u sed  a s  e l e c t r o p h o r e t i c  
s a m p le s . Only ty p e -2  zymograms a r e  shown. A ppendix I I  l i s t s  th e  
d e s c r ip t i o n s  f o r  eac h  o f  th e  a b b r e v ia t io n s  u s e d .
C .) S ch em a tic  d ia g ra m s o f  th e  IDH zymograms (from  c o ty le d o n s  
sam pled w i th in  24 h o u rs  a f t e r  s e e d s  began  to  im b ibe  w a te r )  o b se rv e d  
in  th e  d i f f e r e n t  G ly c in e  s p e c ie s  exam ined . Cl and C2 r e p r e s e n t  th e  
two d i f f e r e n t  zymogram ty p e s  o b se rv e d  from  th e  G^. c l a n d e s t in a  p l a n t  
i n t r o d u c t i o n s  exam ined . Ml and M2 r e p r e s e n t  ty p e -1  and 2 soybean  
zym ograms, in c lu d e d  f o r  co m p a riso n , w h ile  T1 and T2 r e p r e s e n t  th e  
two zymogram ty p e s  o b se rv e d  in  CJ. to m e n te l la  p l a n t  i n t r o d u c t i o n s .
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Figure 6. GPD
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fo u r  and f i v e  be tw een  tv p e -1  and ty p e -2  zymograms i s  c o n t r o l l e d  
by a  s i n g l e  n u c le a r  lo c u s  w ith  two v a r i a n t  a l l e l e s .  The a l l e l e  p ro ­
d u c in g  th e  h ig h  i n t e n s i t y ,  ty p e -2  zymograms, a p p a r e n t ly  - is  d o m in a n t.
In  c r o s s e s  betw een  th e  two ty p e s ,  th e  F£ and s e g r e g a t in g  F^ f a m i l i e s  
had a  3 ( ty p e - 2 ) :  1 ( ty p e -1 )  s e g r e g a t io n  r a t i o  (T ab le  2 ) .  How ever, s in c e  
zymograms w ere o n ly  exam ined v i s u a l l y ,  i t  was p o s s ib le  t h a t  h e t e r o ­
z y g o te s  c o u ld  h av e  had an  in te r m e d ia te  i n t e n s i t y .  T h ere  was no d i f f ­
e re n c e  be tw een  r e c i p r o c a l  c r o s s e s .  The ty p e -1  F2  s e e d s  b re d  t r u e ,  
b u t  a p p ro x im a te ly  two o u t o f  e v e ry  t h r e e  o f  th e  ty p e -2  F 2  se e d s  
s e g re g a te d  in  th e  F^ (T a b le  2 ) .  The lo c u s  in v o lv e d  was d e s ig n a te d  
a s  Gpd w ith  th e  low i n t e n s i t y  ( ty p e -1 )  a l l e l e  d e s ig n a te d  gpd and th e  
h ig h  i n t e n s i t y  ( ty p e -2 )  a l l e l e  Gpd.
An enzyme a s s a y  was perfo rm ed  to  q u a n t i t a t e  and c o n f irm  th e  
o b se rv e d  d i f f e r e n c e  in  zymogram s t a i n i n g  i n t e n s i t i e s  betw een  ty p e -1  
and ty p e -2  soybean  c u l t i v a r s .  The a s s a y  p r o to c o l  d e s c r ib e d  below  
was u s e d . I t  was ta k e n  in  p a r t  from  th e  W o rth in g to n  M anual
(1968) .
GPD enzyme a s s a y . 25g (w et w e ig h t)  o f  100 h o u r , p o s t-g e rm in ­
a t i o n ,  c o ty le d o n s ,  w ith  seed  c o a t s  rem oved, o r  3 .5 g  (w et w e ig h t)  o f  
100 h o u r , p o s t - g e r m in a t io n  r a d i c l e  t i s s u e ,  ta k e n  o n ly  from  g e rm in a te d
s e e d s ,  w ere  hom ogenized f o r  10 seco n d s  in  a  S o r v a l l  h o m o g en izer, u s in g  
25 ml o r  12 m l, r e s p e c t i v e l y ,  o f  e x t r a c t i o n  b u f f e r .  The e x t r a c t i o n
b u f f e r  c o n s i s te d  o f  25mM T ris -H C l b u f f e r  (pH 7 .8 )  w ith  0.3M s o r b i t o l ,
1% f i c o l ,  0.1% b o v in e  serum  a lb u m in , 1 mM EDTA and 0.2% d e x t r a n .
The hom cgenate  was f i l t e r e d  th ro u g h  fo u r  a l t e r n a t i n g  l a y e r s  o f  g l a s s
wool and c h e e se  c l o t h  and c e n t r i f u g e d  f o r  10 m in . a t  l ,0 0 0 g .  The
s u p e r n a ta n t  was f i l t e r e d  th ro u g h  c h e e se  c l o th  and g la s s  wool and
70
T a b le  2 . I n h e r i t a n c e  o f  a l l e l e s  a t  th e  Gpd lo c u s .
C ro sse s F£ se e d s
F 2
p l a n t -  F3 
p ro g e n ie s
se e d s  from  
Seg F2  p l a n t s
Zymogram ty p e s : 2 1 2 SegS _ 1 2 1








Cayuga X Evans 
Zymogram ty p e  1 X 2  
gpd /gpd  X Gpd/Gpd
57 18 4 6 2 52 18
C h e s tn u t X Amsoy 
Zymogram ty p e  1 X 2  
gpd /gpd  X Gpd/Gpd
6 1 2 3 127 48
Amsoy X W ilson  
Zymogram ty p e  2 X 1  
Gpd/Gpd X g pd /gpd
74 24 9 15 6 6 6 25
T o ta l  o b se rv e d : 131 42 19 33 1 1 245 91
X2  ( 3 :1 ,  1 :2 :1 ,  3 :1 )  - 0 .0 5 = n . s . 2 . 1 2  = n . s . 0 .7 7  = n . s .* *
§ Seg e q u a ls  s e g r e g a t in g  in  th e  g e n e r a t io n .
** S ig n i f i c a n c e  was d e te rm in e d  a t  th e  5% l e v e l ,  w ith  n . s .  e q u a l to  n o t  
s i g n i f i c a n t .
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th e n  c e n t r i f u g e d  f o r  90 m in a t  4 0 ,000g  (c o ty le d o n s  r e q u i r e d  two o r  
t h r e e  low sp eed  c e n t r i f u g a t i o n  and f i l t e r i n g  s te p s  to  p ro d u ce  a  c le a n  
s u p e r n a t a n t ) . The volum e o f  th e  f i n a l  s u p e rn a ta n t  was m easured  and 
th e  s o lu b le  p r o t e i n s  p r e c i p i t a t e d  by b r in g in g  th e  s u p e rn a ta n t  to  
75% s a t u r a t i o n  w ith  ammonium s u l f a t e .  The p r e c i p i t a t e d  p r o t e i n s  w ere 
re c o v e re d  by c e n t r i f u g in g  f o r  1 min a t  500g. The r e s u l t i n g  p e l l e t  was 
re su sp e n d e d  in  5 ml o f  0.055M T ris -H C l b u f f e r  (pH 7 . 8 ) .  A l l  e x t r a c ­
t i o n  p ro c e d u re s  w ere p e rfo rm e d  a t  4C. 1 ml o f  e x t r a c t  was th e n  d i l u t e d
35X f o r  c o ty le d o n  sam p les  o r  25X f o r  r a d i c l e s  and th e  p r o t e i n  concen ­
t r a t i o n  d e te rm in e d  from  th e  d i l u t e d  sam p le . P r o te in  c o n c e n t r a t io n s  
w ere d e te rm in e d  u s in g  th e  B ra d fo rd  (1976) m ethod , w ith  B io-R ad r e a g e n t  
and a  s ta n d a rd  c u rv e  p re p a re d  w ith  known c o n c e n t r a t io n s  o f  B .S .A . in  
th e  same b u f f e r .  GPD a c t i v i t y  was d e te rm in e d  by m e asu rin g  th e  change 
in  O .D ./m in  a g a i n s t  a  c o n t r o l ,  a t  340nm, u s in g  a  Beckmann a n a l y t i c a l  
s p e c tro p h o to m e te r .  The e x p e r im e n ta l  c u v e t te  c o n ta in e d  2 .7  ml 0.055M 
T ris -H C l b u f f e r  (pH 7 .8 )  a t  30C w ith  0.0033M MgCl2 , 0 .1  ml 0 .0 0 6  M 
NADP, 0 .1  ml o f  0.1M g lu c o s e - 6 -p h o s p h a te ,  and 0 .1  ml c o n c e n tr a te d  en ­
zyme e x t r a c t .  The c o n t r o l  c u v e t te  c o n ta in e d  2 .8  ml 0.055M T ris -H C l 
b u f f e r  (pH 7 .8 )  a t  30C w ith  0.0033M MgCl2> 0 .1  ml 0.006M NADP, and 
0 .1  ml c o n c e n tr a te d  enzyme e x t r a c t .  The c o n t r o l  and e x p e r im e n ta l  
(w ith o u t th e  0 .1  ml 0.1M g lu c o s e - 6 -p h o s p h a te )  c u v e t t e s  w ere e q u i l ­
i b r a t e d ,  and tim e  z e ro  began  w ith  th e  a d d i t io n  and m ix ing  o f  th e  
0 .1  ml 0.1M g lu c o s e - 6 -p h o s p h a te  in to  th e  e x p e r im e n ta l  c u v e t t e .  Change 
in  O.D. was m easured  a t  340 nm f o r  two m in . F in a l  r e s u l t s  w ere ex ­
p re s s e d  a s  th e  change in  O .D .^ Q /m in /n g  p r o t e i n .  T h is  a s s a y  m easu re s  
th e  r e d u c t io n  o f  NADP by  GPD. S in c e  b o th  th e  e x p e r im e n ta l  and c o n t r o l
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c u v e t t e s  c o n ta in  e q u a l am ounts o f  NADP and enzyme e x t r a c t ,  any  r e ­
d u c t io n  o f  NADP by enzym es o th e r  th a n  GPD w ere n e g a te d .  Each enzyme 
e x t r a c t  sam ple was t e s t e d  f o r  i t s  p r o t e i n  c o n c e n t r a t io n  and GPD 
a c t i v i t y  a  minimum o f  t h r e e  tim e s  w ith  th e  r e s u l t s  a v e ra g e d . The ex­
p e r im e n t was o n ly  p e rfo rm e d  once f o r  c o ty le d o n s  ( th e y  w ere more d i f f ­
i c u l t  to  work w ith  and r a d i c l e s  w ere found  to  have  h ig h e r  GPD a c t i v i t y /  
mg e x t r a c te d  p r o t e i n )  and r e p l i c a t e d  th r e e  tim e s  f o r  r a d i c l e s .  Each 
o f  th e  r e p l i c a t i o n s  u sed  d i f f e r e n t  c u l t i v a r s  f o r  th e  ty p e - 1  and ty p e - 2  
se e d  s o u rc e  ( to  n e g a te  any  g e n e t ic  background  e f f e c t ) ,  and was p e r ­
form ed on s e p a r a t e  d a y s . However, th e  ty p e -1  and ty p e -2  s e e d s  com pared 
in  each  r e p l i c a t i o n  w ere chosen  from  seed  s o u rc e s  w hich  had b een  grown 
a t  th e  same t im e , l o c a t i o n  and m ethod , and w hich  had a l s o  been  s to r e d  
u n d e r  th e  same c o n d i t io n s  s in c e  h a r v e s t .
The r e s u l t s  o f  th e  enzyme a s s a y  co n firm e d  th e  v i s u a l  o b s e r v a t io n s ,  
a s  ty p e -2  r a d i c l e s  w ere found to  c o n ta in  tw ic e  th e  s o lu b le  GPD a c t i v i t y /  
mg p r o t e i n  a s  d id  ty p e -1  r a d i c l e s  (T a b le  3 ) .  S in c e  o n ly  one r e p l i c a t i o n  
was p e rfo rm ed  f o r  c o ty le d o n s ,  s i g n i f i c a n c e  can  n o t be  d e te rm in e d , b u t 
th e  ty p e -2  c o ty le d o n s  t e s t e d  d id  have  h ig h e r  GPD a c t i v i t i e s  th a n  ty p e -1  
c o ty le d o n s .
The s u b c e l l u l a r  f r a c t i o n a t i o n  e v id e n c e  su g g e s te d  t h a t  ban d s t h r e e ,
fo u r  and f i v e  w ere  c y to s o l  a s s o c ia t e d  ( s o l u b l e ) ,  w h ile  bands one and
two w ere  a s s o c ia t e d  w ith  p l a s t i d s .  The i n t e n s i t i e s  o f  bands one and
two w ere  in c r e a s e d  in  p3 f r a c t i o n s  and t h i s  a c t i v i t y  was n o t l o s t  w ith  
w ash in g , w h ile  bands t h r e e ,  fo u r  and f i v e  w ere v i s u a l i z e d  p r im a r i ly  in
s u p e r n a ta n t  (s3 9 ) f r a c t i o n s .  Band t h r e e  was a l s o  o b se rv e d  in  p o l l e n
l e a c h a t e ,  s u p p o r t in g  th e  c e l l u l a r  f r a c t i o n a t i o n  e v id e n c e  t h a t  t h i s
band was a s s o c ia t e d  w ith  th e  c y t o s o l .  P l a s t i d - a s s o c i a t e d  GPD isozym es
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T a b le  3 . GPD a c t i v i t y  a s s a y .
R a d ic le s
_____________ Type 1_________   Type 2
Seed S o u rce  A c t i v i t y Seed S o u rce A c t i v i t y R e p l ic a t io n
M andarin  .0 8 * Cayuga . 2 0 1
B avender S p ec . A .08 Anoka .16 2
E lto n  .1 0 Amsoy .16 3
A verage: .087 .173**
C o ty led o n s
Type 1 Type 2
Seed S o u rce  A c t i v i t y Seed S o u rce A c t i v i t y
M andarin  .06 Cayuga .0 7
* U n its  a r e  e x p re s s e d  a s  th e  ch an g e  in  O .D .^ Q /m in /m g  p r o t e i n .
** The d i f f e r e n c e  in  GPD a c t i v i t y  i n  r a d i c l e s ,  be tw een  zymogram ty p e  - 1  
and  ty p e - 2  c u l t i v a r s  was h ig h ly  s i g n i f i c a n t ,  u s in g  th e  s tu d e n t  t - t e s t .
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have been  found in  s e v e r a l  p l a n t s  and may s e rv e  an  e s s e n t i a l  f u n c t io n  
t h e r e  (Ernes and F o w le r, 1979; G o t t l i e b ,  1982; H e rb e r t  e t _ a l . ,  1979; 
S c h n a r re n b e rg e r  e t  a l . ,  1975; Simcox and D e n n is , 1 9 7 8 ). The p l a s t i d  
a s s o c ia t e d  GPD a c t i v i t y  g e n e r a l ly  h a s  been  found to  be much w eaker 
th a n  th e  c y to s o l  a c t i v e  GPD isozym es in  th e s e  o th e r  s p e c ie s .  Bands 
one and two w ere g e n e r a l ly  o n ly  w eak ly  v i s u a l i z e d  in  d ry  seed  c o t y l e ­
dons and band two was o f t e n  masked by th e  s t r o n g  t h i r d  b an d , w hich 
had a  s im i l a r  m ig ra t io n  r a t e .  T hus, bands one and two have  n o t  been  
s c re e n e d  f o r  p o s s i b le  v a r i a n t s  in  th e  (J. max and C_. so .ja germ plasm .
Bands one and t h r e e  had g r e a t e r  a c t i v i t y  in  le a v e s  and g re e n  c o t y l e ­
dons (F ig u re  6 B ) . Bands one and two ap p e a re d  to  h av e  in d e p e n d e n t 
e x p re s s io n  p a t t e r n s  in  d i f f e r e n t  t i s s u e s  o r  d e v e lo p m e n ta l s ta g e s  
(F ig u re  6 B ), w h ich  s u g g e s te d  t h a t  eac h  was th e  p ro d u c t o f  a  d i s t i n c t  
GPD l o c i .
The m a jo r d i f f i c u l t y  in  m aking a  g e n e t ic  m odel f o r  th e  o b se rv e d  
GPD zymograms was th e  u n c e r t a in t y  c o n c e rn in g  how many GPD s t r u c t u r a l  
l o c i  p ro d u ced  bands t h r e e ,  fo u r  and f i v e .  Two p o s s i b i l i t i e s  seemed 
m ost l i k e l y .  The f i r s t  was t h a t  o n ly  one gene (Gpd) coded f o r  th e s e  
t h r e e  bands w ith  th e  d i f f e r e n c e  betw een  ty p e - 1  and ty p e - 2  zymograms 
cau sed  by a l l e l e s  (Gpd and gpd) d i f f e r i n g  in  a c t i v i t y  o r  in  t h e i r  l e v e l  
o f  p r o d u c t io n .  A s in g l e  lo c u s  can p ro d u ce  m u l t ip l e  zymogram bands by 
s e v e r a l  m echanism s. Two o f t h e s e ,  fo rm a tio n  o f  a p o ly m e ric  s e r i e s  and 
v a r i a b l e  p o s t - t r a n s c r i p t i o n a l  p r o c e s s in g ,  have been  r e p o r te d  w ith  GPD 
isozym es (L evy, 1 9 7 9 ). In  hum ans, a  s in g l e  amino a c id  change a t  a  GPD 
lo c u s  r e s u l t e d  in  a  GPD o v e rp ro d u c t io n  v a r i a n t  (Levy, 1 9 7 9 ) . The 
second  p o s s i b i l i t y  was t h a t  th e  co d in g  o f  bands t h r e e ,  f o u r  and f i v e  
was by two r e l a t e d  l o c i ,  ..w hich form ed an in t e r l o c u s  h e te ro d im e r  betw een
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them (band f o u r ) .  GPD was r e p o r te d  to  e x i s t  in  v a r io u s  p o ly m e ric  s t a t e s ,  
w ith  th e  d im er b e in g  th e  minimum a c t i v e  polym er (Levy, 19 7 9 ). Examin­
a t io n  o f  GPD zymograms from  G_. c l a n d e s t in a  and G^. to m e n te l la  te n d  to  
s u p p o r t t h i s  second  m odel, a s  v a r i a n t s  a f f e c t i n g  th e  m o b i l i ty  o f  o n ly  
two o f  th e  t h r e e  bands w ere o b se rv e d  (F ig u re  6 C ). The in te r m e d ia te  i n ­
t e n s i t y  and m o b i l i ty  o f  band f o u r ,  a lo n g  w ith  th e  low a c t i v i t y  ( t y p e - 1 )
v a r i a n t  h av in g  a  g r e a t e r  a f f e c t  on bands fo u r  and f i v e  th a n  on band
t h r e e  a l s o  su p p o r te d  a  m odel o f  two i n t e r a c t i n g  l o c i .  However, t h i s  
i s  n o t  c o n c lu s iv e .  I f  t h e r e  w ere two l o c i  in v o lv e d , th e n  th e  Gpd lo c u s  
(whose a l l e l e s ,  Gpd and gpd d i f f e r e n t i a t e d  ty p e -1  and ty p e -2  zymograms) 
may be a  r e g u la to r y  lo c u s  a f f e c t i n g  b o th  i n t e r a c t i n g  GPD s t r u c t u r a l  
l o c i .  S in c e  m a in ly  bands fo u r  and f i v e  w ere a f f e c t e d ,  Gpd c o u ld  a l s o  be 
th e  lo c u s  p ro d u c in g  th e  monomers w hich  form  band f i v e  and p a r t  o f  band f o u r .  
A b io c h e m ic a l a n a l y s i s  exam in ing  w h e th e r th e  h ig h  GPD a c t i v i t y  o f  ty p e -2
zymograms was th e  r e s u l t  o f  a  more a c t i v e  GPD isozym e ( g r e a t e r  K ) o r
th e  r e s u l t  o f  in c re a s e d  enzyme p r o d u c t io n ,  m igh t h e lp  s e t t l e  t h i s  
q u e s t io n .  C o n s id e r in g  th e  im p o rta n c e  o f  GPD n e t a ^ o l i c a l l y  a s  th e  r a t e -  
c o n t r o l l i n g  enzyme o f  th e  PPP pathw ay , and th e  f a c t  t h a t  s im i l a r  ty p e s  
o f  GPD v a r i a n t s  in  o th e r  o rg an ism s have been  a s s o c ia te d  w ith  l a r g e  
p h e n o ty p ic  d e v ia t io n s  ( s e e  L evy, 1979 f o r  a r e v ie w ) ,  th e  ty p e -1  and 
ty p e - 2  soybean  v a r i a n t s  w a r re n t  a d d i t i o n a l  s tu d y .
In  summary, th e  GPD zymograms o b se rv e d  in  d ry  seed  c o ty le d o n s  
o f  (3. max and (3. so .ja  w ere  coded by th r e e  o r  fo u r  l o c i .  Two l o c i  
coded f o r  p l a s t i d  a c t i v e  iso zy m es , w hich  w ere n o t  sc re e n e d  f o r  g e n e t ic  
v a r i a n t s  in  th e  ^3. max and (3. s o ja  germ plasm , and th e  o th e r  one o r  two 
l o c i  f o r  c y to s o l  a c t i v e  isozym es (T ab le  1 3 ) . A s in g l e  v a r i a b l e  lo c u s
I
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(G pd), w i th  two a l l e l e s  a f f e c t i n g  th e  c y to s o l  iso zy m es , was o b se rv e d  
in  th e  £ .  max and G_. so .ja  germ plasm  t e s t e d  (T ab le  1 3 ) . I t  was n o t  
c l e a r  i f  t h i s  lo c u s  was one o f  th e  s t r u c t u r a l  GPD l o c i  o r  a  r e g u la to r y  
lo c u s  a c t in g  on th e  GPD s t r u c t u r a l  l o c i .
G lu tam ate  O x a lo a c e tic  T ran sam in ase
G lu tam ate  o x a lo a c e t ic  tr a n s a m in a s e  (GOT), a l s o  c a l l e d  a s p a r t a t e  
amino t r a n s f e r a s e  (AAT), isozym es a c t  to  t r a n s f e r  an amino g ro u p .
They a r e  s p e c i f i c  to  a l p h a - k e t o g l u t a r a t e ,  o r  o x a l o a c e t a te ,  a s  amino 
group a c c e p to r s ,  b u t a r e  m u l t i s p e c i f i c  in  r e g a r d s  to  th e  amino group 
d o n e r , w ith  a s p a r t a t e  p r e f e r r e d  (W hightman and F o r r e s t ,  1978; L e h n in g e r , 
1 9 8 2 ) . GOT isozym es have  b een  im p l ic a te d  a s  f u n c t io n in g  in  a  number 
o f  e s s e n t i a l  r o l e s  and p ro v id e  a  l i n k  betw een  c a rb o h y d ra te  and amino 
a c id  m e tab o lism  in  p l a n t  c e l l s  (W hightman and F o r r e s t ,  1 9 7 8 ).
Two homozygous GOT zymogram ty p e s ,  b o th  w i th  f i v e  b a n d s , w ere  o b - 
s e rv e d  in  th e  123 G. s o j a  p l a n t  in t r o d u c t i o n s  t e s t e d ,  w h ile  o n ly  one 
ty p e  was o b se rv e d  in  th e  296 (S. max c u l t i v a r s  and p l a n t  in t r o d u c t io n s  
t e s t e d  (A ppendix  I ;  Gorman e t  a l . , 1982a, 1983; K iang  and Gorman 1 9 8 3 ). 
Type-1 zymograms had th e  f i f t h  GOT band w ith  a  m o b i l i ty  o f  R^ 0 .5 3 ,  
w h ile  in  th e  v e ry  r a r e  ty p e - 2  z y m o g r a m s  band f i v e ' s  m o b i l i ty  was R^
0 .5 6  (F ig u re  7A ). No in h e r i t a n c e  d a ta  c o n c e rn in g  th e  g e n e t ic  d i f f e r ­
en ce  be tw een  th e s e  two zymogram ty p e s  was c o l l e c t e d .
A l l  e u c a r y o t ic  c e l l s  h ave  m i to c h o n d r ia l  and c y to s o l  a c t i v e  GOT 
iso zy m es , w h ile  p l a s t i d - a s s o c i a t e d  GOT isozym es have been found  in  
p l a n t s  (Jo h n so n , 1976; L e h n in g e r , 1982; T ing  e t  a l . ,  1975; Whightman and 
F o r r e s t ,  1 9 7 8 ). The s u b c e l l u l a r  f r a c t i o n a t i o n  s tu d ie s  done w ith  
so y b e a n s , in d i c a te d  th e  GOT bands o n e , two and th r e e  w ere  a c t i v e  in  th e  
c y to s o l ,  a s  t h e i r  i n t e n s i t y  was p r im a r i ly  in  th e  s39 s u p e r n a ta n t .  Band
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Figure 7. GOT
A .) Zymogram ty p e s  o b se rv e d  from  GOT s ta in e d  g e l s ,  w here d ry  se e d  
c o ty le d o n s  w ere  u se d  a s  th e  sam ple t i s s u e .  The sc h e m a tic  d ia g ra m  on 
th e  r i g h t  shows a  zymogram r e p r e s e n t a t i v e  o f  w hat was o b se rv e d  from  p39 
c e l l  f r a c t i o n s ,  th e  o n ly  ty p e  o f  sam ple w here band fo u r  was o b s e rv e d .
B .) S ch em atic  d ia g ra m s r e p r e s e n t in g  GOT zymograms o b se rv e d  from  
d i f f e r e n t  soybean  t i s s u e s  and d e v e lo p m e n ta l s t a g e s .  Only ty p e -1  
zymograms a r e  shwon. A ppendix  I I  l i s t s  th e  d e s c r i p t i o n s  f o r  eac h  o f  
th e  a b b r e v ia t io n s  u se d .
C .) S ch em atic  d ia g ra m s o f  GOT zymograms o b se rv e d  from  th e  d i f f e r ­
e n t  G ly c in e  s p e c ie s  exam ined . Cl th ro u g h  C4 a r e  d i f f e r e n t  zymogram 
ty p e s  o b se rv e d  in  G^ . c l a n d e s t i n a . Ml r e p r e s e n t s  a  G_. max ty p e -1  zymo­
gram , w h ile  T1 and T2 r e p r e s e n t  zymograms from  _G. to m e n te l l a . C o ty le ­
dons sam pled w ith in  24 h o u rs  from  when se e d s  began  to  im b ibe  w a te r  
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one was a l s o  o b se rv e d  in  p o l l e n  l e a c h a t e .  The f o u r th  GOT band was 
a c t i v e  i n  m ito c h o n d r ia .  I t  was se e n  o n ly  in  p a r t i c u l a t e  (m a in ly  p39) 
f r a c t i o n s ,  and was n o t  even  v i s u a l i z e d  in  no rm al t i s s u e  sa m p le s , m aking 
germ plasm  s c r e e n in g  f o r  g e n e t ic  v a r i a n t s  im p o s s ib le .  The f i f t h ,  v a r i a b l e  
GOT band had i t s  g r e a t e s t  a c t i v i t y  in  w ashed p3 f r a c t i o n s ,  s u g g e s t in g  
t h a t  i t  had a  p l a s t i d  a c t i v i t y  s i t e .  Band f i v e ' s  i n t e n s i t y  in c r e a s e d  
in  c o ty le d o n s  a s  th e y  became g re e n , and was m ost a c t i v e  i n  g re e n  t i s s u e s  
a s  w e l l  a s  in  r o o t  n o d u le s  (F ig u re  7 B ). Ryan e t  a l .  (1972) r e p o r te d  
o b s e rv in g  fo u r  GOT (ATT) e l e c t r o p h o r e t i c  bands from  soybean  n o d u le  
f r a c t i o n s .  The two s t r o n g e s t  bands w ere from  th e  c y to p la sm , one weak 
band came from  th e  m ito c h o n d r ia  and th e  f o u r th  band came from  th e  
R hizobium  b a c t e r i a .  I n  a  second  p a p e r  Ryan and F o t t r e l l  (1974) r e p o r te d  
t h a t  th e  m a jo r i ty  o f  en zy m atic  a c t i v i t y  came from  th e  b a c t e r i a l  iso zy m e, 
b u t t h a t  t h i s  isozym e was much m ore u n s ta b l e  and s e n s i t i v e  to w ard s  
i n h i b i t o r s  th a n  th e  p l a n t  GOT iso zy m es . None o f  th e  bands o b se rv e d  in  
so y b ean s c o u ld  have c o rre sp o n d e d  to  th e  b a c t e r i a l  isozym e s in c e  a l l  i s o ­
zymes w ere o b se rv e d  in  a e r i a l  t i s s u e s .  I  can  o n ly  s p e c u la te  a s  to  why we 
d id  n o t  o b s e rv e  an  a d d i t i o n a l  b a c t e r i a l  GOT band in  n o d u le  s a m p le s , b u t  
s in c e  th e  b a c t e r i a l  isozym e was more s e n s i t i v e  (Ryan and F o t t r e l l ,  1 9 7 4 ), 
i t  m ig h t have  been  in a c t i v a t e d  o r  i n h i b i t e d  in  th e  p ro c e d u re s  we em ployed .
The c y t o s o l - a s s o c i a t e d  bands o n e , two and th r e e  form ed a  c l u s t e r  o f  
bands (R ^ 's  0 .2 5 ,  0 .2 7 ,  and 0 .3 0 ) ,  w h ich  te n d e d  to  b l u r r  to g e th e r  in  
s h o r t  e l e c t r o p h o r e t i c  r u n s ,  b u t c o u ld  be  s e p a ra te d  w ith  lo n g e r  r u n s .
Bands two and t h r e e  w ere f a i r l y  weak in  d ry  se e d  c o ty le d o n s ,  b u t b o th  
ban d s became s t r o n g e r  a f t e r  g e rm in a tio n  (F ig u re  7 B ). S in c e  d ry  seed  
c o ty le d o n s  w ere  u se d  to  s c re e n  th e  max and <2 . so .ja  germ plasm , v a r i a n t s  
in v o lv in g  b an d s  tiro and t h r e e  co u ld  h ave  been  e a s i l y  m is s e d . In  m ost
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G^. c l a n d e s t in a  and (3. to m e n te l la  p l a n t  i n t r o d u c t i o n s ,  t h r e e  d i s t i n c t  
bands w ere se e n  in  th e  g e n e r a l  m o b i l i ty  a r e a  o f  th e  £ .  max and (3. so .ja  
bands on e , two and th r e e  (F ig u re  7C) . (3. c l a n d e s t in a  and (3. to m e n te l la
w ere o b se rv e d  to  b e  p o ly m o rp h ic  w ith  r e s p e c t  to  th e s e  b a n d s , h av in g  
s e v e r a l  d i f f e r e n t  t h r e e  band zym ograms. T h ere  i s  no c o n f irm in g  g e n e t ic  
d a ta  c o n c e rn in g  th e s e  s p e c ie s ,  b u t  th e  zymograms o b se rv e d  w ere s u g g e s t iv e  
o f  two i n t e r a c t i n g  l o c i  fo rm in g  two hom odim ers and an  i n t e r l o c u s  h e t e r o ­
d im e r . GOT h a s  b een  r e p o r te d  a s  a  d im er in  p l a n t s  (Adams and J o ly ,  1980; 
T ing e t  a l . , 1975; Whightman and F o r r e s t ,  19 7 8 ). GOT bands o n e , two and 
th r e e  in  soyb ean s m igh t a l s o  have  been  th e  p ro d u c ts  o f  two i n t e r a c t i n g  
l o c i ,  whose monomers d i f f e r e d  o n ly  s l i g h t l y  in  m o b i l i t y .  The d i s t i n c t  
i n t e n s i f i c a t i o n  o f  bands two and th r e e  a f t e r  g e rm in a t io n ,  and th e  ob­
se rv e d  d i f f e r e n c e s  be tw een  zymograms from  d i f f e r e n t  t i s s u e s  (F ig u re  7B ), 
a l s o  s u g g e s t t h a t  th e r e  w ere  two i n t e r a c t i n g  l o c i  p ro d u c in g  th e s e  b a n d s . 
However, g e n e t ic  c o n f irm a tio n  i s  needed  b e fo re  t h i s  m odel can  be  
a c c e p te d .
Some o f  th e  zymograms o b se rv e d  from  G_. c l a n d e s t in a  and G_. to m e n te l la  
(F ig u re  7C) a l s o  showed th r e e  d i s t i n c t  bands in  th e  m o b i l i ty  a r e a  o f 
th e  G^ . max and £ .  s o ja  band f i v e .  The zymograms o b se rv e d  w ere a g a in  
s u g g e s t iv e  o f  two i n t e r a c t i n g  l o c i  fo rm in g  homo- and h e te ro d im e r s .  
H owever, th e r e  was no in d i c a t i o n  o f  m ore th a n  one band in  any o f  th e  
G^. max o r  jG. s o ja  sam ples t e s t e d .
In  summary, th e  zymograms o b se rv e d  from  d ry  seed  c o ty le d o n s  o f  
^3. max and G^ . s o ja  w ere p ro d u ced  by a  minimum o f  t h r e e  (one f o r  each  
s u b c e l l u l a r  a c t i v i t y  s i t e )  l o c i ,  b u t m ost l i k e l y  w ere th e  p ro d u c ts  o f  
fo u r  l o c i .  The lo c u s  p ro d u c in g  th e  m i to c h o n d r i a l - a c t iv e  isozym e (band 
fo u r )  and one o f  th e  two l o c i  p ro d u c in g  th e  c y to p la s m ic  isozym es (bands
/
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two and t h r e e ) , w ere to o  p o o r ly  v i s u a l i z e d  in  t h i s  t i s s u e  to  b e  sc re e n e d  
f o r  v a r i a n t s .  T hus, o n ly  two GOT l o c i ,  one p ro d u c in g  a  c y t o s o l - a c t i v e  
isozym e (band  one) and th e  o th e r  a  p l a s t i d - a c t i v e  isozym e (band f iv e )  
w ere  s c re e n e d  in  th e  £ .  max and £ .  s o ja  germ plasm  (T a b le  1 3 ) . Only one 
r a r e  v a r i a n t  in  th e  lo c u s  ( t e n t a t i v e l y  d e s ig n a te d  G o t) , w hich  p ro d u ced  
band f i v e ,  was fo u n d . The two o b se rv e d  zymogram ty p e s  a r e  h y p o th e s iz e d
a s  b e in g  cau sed  by two v a r i a b l e  a l l e l e s  a t  t h i s  lo c u s  ( t e n t a t i v e l y
f  sd e s ig n a te d  Got and Got ) .
I s o c i t r a t e  D ehydrogenase  (N A D P-active)
I s o c i t r a t e  d eh y d ro g e n a se  (IDH) isozym es c a t a ly z e  th e  o x id a t io n  o f  
i s o c i t r a t e  t o  a l p h a - k e t o g l u t a r a t e .  The e x i s t a n c e  o f  N A D -active and 
N A D P-active IDH isozym es in  a l l  o rg an ism s  h a s  been  r e p o r te d  (L e h n in g e r ,
1 9 8 2 ). O nly NADP was u se d  a s  th e  coenzym e, s in c e  no c o n s i s t e n t  IDH 
a c t i v i t y  was o b se rv e d  on g e l s  w here NAD (+ADP) was u s e d . T h u s, o n ly  
th e  N A D P-active IDH isozym es w ere d e a l t  w i th .  N A D P-active IDH 
isozym es a r e  n o t  g e n e r a l ly  b e l ie v e d  to  p la y  a  m a jo r r o l e  in  th e  t r i c a r ­
b o x y l ic  a c id  c y c l e ,  a s  N A D -active IDH d o e s , b u t f u n c t io n  in  th e  move­
m ent o f  re d u c in g  pow er be tw een  th e  m ito c h o n d r ia  and c y to s o l  (L e h n in g e r ,
1 9 8 2 ).
IDH h a s  been  r e p o r te d  to  have c y to p la s m ic  and m i to c h o n d r ia l  NADP- 
a c t iv e  isozym es in  p l a n t s  (L e h n in g e r , 1 9 8 2 ) . The e v id e n c e  g a th e re d  
s u g g e s te d  t h a t  th e  soybean  zymogram bands one and two (F ig u re  8 A) w ere 
m i to c h o n d r i a l - a s s o c ia t e d ,  s in c e  th e y  showed th e  g r e a t e s t  a c t i v i t y  
i n  p39 f r a c t i o n s ,  and a c t i v i t y  was n o t  l o s t  w ith  w ash in g . Bands 
t h r e e ,  f o u r  and f i v e  (F ig u re  8 A) w ere  c y t o s o l - a s s o c i a t e d .  T h e ir  
a c t i v i t y  was p r i n c i p a l l y  i n  s u p e r n a ta n t  f r a c t i o n s  and w hat p a r t i c u l a t e  




A .) Zymogram ty p e s  o b se rv e d  from  IDH s ta in e d  g e l s ,  w here d ry  seed  
c o ty le d o n s  w ere u sed  a s  th e  sam ple t i s s u e .  'P ic tu re d  a r e  a l l  o f  th e  
f i v e  zymogram ty p e s  (2 ,  3 , 5 ,  7+8 and H) in v o lv in g  th e  c y t o s o l - a s s ­
o c i a te d  bands t h r e e ,  f o u r  and f i v e ,  and eac h  o f  th e  fo u r  zymograms 
(2+8 , 3+5+7, 11 and H) in v o lv in g  th e  m i to c h o n d r ia l - a s s o c ia t e d  bands 
one and tw o. Some o f  t h e  o b se rv e d  c o m b in a tio n s  (zymogram ty p e s  1 , 4 ,
6 , 9 , 10 and 12) a r e  n o t  p i c t u r e d ,  b u t  o n ly  shown s c h e m a t ic a l ly .  Bands 
one and two w ere found  to  have a  lo w er s t a i n i n g  i n t e n s i t y  th a n  bands 
t h r e e ,  f o u r  and f i v e .  I n  th e  p h o to g ra p h s , a  lo n g e r  p r i n t i n g  ex p o su re  
was u sed  to  c l e a r l y  v i s u a l i z e  bands one and two th a n  was u sed  f o r  bands 
t h r e e ,  f o u r  and f i v e .
B .)  S ch em atic  d raw in g s  o f  IDH zymograms o b se rv e d  when v a r io u s  
soybean  t i s s u e s  o r  d e v e lo p m e n ta l s ta g e s  w ere u sed  a s  e l e c t r o p h o r e t i c  
sam p les . Only ty p e -1  zymograms a r e  shown. A ppendix I I  l i s t s  th e  
d e s c r ip t i o n s  f o r  each  o f  th e  a b b r e v ia t io n s  u se d .
C .) S ch em atic  d raw in g s  o f  th e  IDH zymograms (from  c o ty le d o n s  
sam pled w i th in  24 h o u rs  a f t e r  s e e d s  began  to  im b ib e  w a te r )  o b se rv e d  
in  th e  d i f f e r e n t  G ly c in e  s p e c ie s  exam ined . C l, C2, and C3 r e p r e s e n t  
th e  t h r e e  d i f f e r e n t  zymogram ty p e s  o b se rv e d  from  th e  jG. c l a n d e s t in a  
p l a n t  in t r o d u c t io n s  exam ined . M7 and M8  r e p r e s e n t  ty p e  7 and 8  soybean  
IDH zymograms in c lu d e d  f o r  co m p ariso n . T1 r e p r e s e n t s  th e  o n ly  G_. 
to m e n te l la  zymogram ty p e  o b se rv e d .
* O nly th e  s u p e r s c r ip t s  o f  th e  I d h ^ ,  Id h ^ S , Id h ^ 8 , Id h ^ 8 , I ^ h ^ 111 
and I d h ^  a l l e l e s  a r e  shown b e c a u se  o f  sp a c e  l i m i t a t i o n s .
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Figure 8. IDH
Z. ty p e s :  X X X X X X X X X X 1£ ii il











Idh^  G en:* f / f  f / f  f / f  f / f  s / s  s / s  s / s  f / s  s / s  f / f  f / f  s / s  s / s
s / s













N A D P-active zymogram d i f f e r e n c e s  w ere  f i r s t  r e p o r te d  i n  so y b ean s  
by Yong e t  a l .  (1 9 8 1 ) . Gorman e t  a l .  (1 982b , 1983) and K iang  and 
Gorman (1983) s u b s e q u e n tly  r e p o r te d  a d d i t i o n a l  ty p e s .  Yong e t  a l .  
fou n d  f o u r  homozygous zymogram ty p e s ,  w ith  r e s p e c t  to  th e  c y t o s o l -  
a s s o c ia t e d  bands t h r e e ,  f o u r  and f i v e .  T h ree  ty p e s  (1+2+ 9, 3+4+10, 
and 7+8+12 in  F ig u re  8 A) d i f f e r e d  in  t h e i r  m o b i l i t i e s  o f  ban d s t h r e e ,  
f o u r  and f i v e ,  and one ty p e  (5+6+11 in  F ig u re  8 A) had  o n ly  a  s i n g l e  
b an d . They d id  n o t  do a  co m p le te  i n h e r i t a n c e  s tu d y ,  b u t co n c lu d ed  
t h a t  th e  t h r e e  band zymograms w ere  th e  co n seq u en ce  o f  a  new ly  d u p l i ­
c a te d  p a i r  o f  v a r i a b l e  l o c i ,  w h ile  th e  one band ty p e  r e p r e s e n te d  a 
n o n d u p l ic a te d  l i n e  w i th  o n ly  a  s i n g l e  a c t i v e  lo c u s .  Our c o n c lu s io n s ,  
b a se d  on in h e r i t a n c e  s t u d i e s ,  d i f f e r e d  from  th o s e  o f  Yong e t  a l .  (1 9 8 1 ) .
In  i n h e r i t a n c e  s t u d i e s ,  th e  s i n g l e  band zymogram ty p e s  when c r o s s ­
ed w ith  zymogram ty p e s  3 o r  4 showed a d ih y b r id  s e g r e g a t io n  r a t i o  w ith  
b o th  l o c i  h a v in g  codom inan t a l l e l e s  (T a b le  4 ) .  T h is  i n d i c a t e d  t h a t  
b o th  o f  th e  l o c i  a c t i v e  i n  th e  t h r e e  band zymogram ty p e s  a l s o  w ere a c ­
t i v e  i n  th e  s i n g l e  band ty p e s .  We have h y p o th e s iz e d  t h a t  th e  f o u r  homo­
zygous zymogram ty p e s  r e p o r te d  by Yong et_ a l . (1981) w ere  d e l in e a t e d  by 
two i n t e r a c t i n g  ( t h e i r  monomers com bined in t o  d im e rs )  l o c i ,  e a c h  h a v in g  
a  p a i r  o f  codom inan t a l l e l e s  (Gorman e t  a l . , 1983; K iang  and Gorman,
1 9 8 3 ). Each a l l e l e  p ro d u ced  an IDH monomer w i th  a  d i f f e r e n t  e l e c t r o ­
p h o r e t i c  m o b i l i t y ,  e x c e p t t h a t  th e  p ro d u c t  o f  one o f  th e  a l l e l e s  a t  th e  
f i r s t  lo c u s  had th e  same m ig ra t io n  r a t e  (R^ 0 .5 6 )  a s  th e  p ro d u c t o f  one 
o f  th e  a l l e l e s  a t  th e  seco n d  lo c u s .  I n d iv i d u a l s  homozygous f o r  
b o th  o f  th e s e  a l l e l e s  had  th e  zymogram ty p e s  w ith  o n ly  a  s in g l e  
( c y to s o l - a s s o c i a t e d )  band  v i s i b l e  (zymogram ty p e s  5 ,  6 , and 11 in  F ig ­
u r e  8 A ). Monomers o f  t h e  re m a in in g  two a l l e l e s  had  m ig r a t io n  r a t e s  o f  
0 .6 3  and 0 .4 9 ,  r e s u l t i n g  in  th re e -b a n d  zymograms (tw o hom odim ers
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T a b le  4 . I n h e r i t a n c e  o f  a l l e l e s  a t  th e  Id h ^  and l o c i .  D a ta  from
c r o s s e s  s e g r e g a t in g  f o r  b o th  l o c i .
C ro s se s  F£ s e e d s  F^ s e e d s  from  d ih y b r id  F£
Zymogram ty p e s :  H 1 ,2  3 ,4  5 ,6  7 ,8  H 1 ,2  3 ,4  5 ,6  7 ,8
Id h j  G en o ty p es :*  s i -  f / f  s / s  f / f  s / -  s / -  f / f  s / s  f / f  s / -
I d l ^  G e n o ty p e s :*  - / f  f / -  f / f  s / s  s / s  - / f  f / -  f / f  s / s  s / s
C h e s tn u t X Amsoy
Zymogram ty p e  1 X 8  10 2 2 1 4 74 30 15 10 32
Id h  f / f  X s / s  *
Id h ^  f / f  X s / s  *
Amsoy X W ilson
Zymogram ty p e  8  X 1 50 19 4 5 15 34 11 6  4 9
Id h  s / s  X f / f  *
Id h ^  s / s  X f / f  *
Cayuga X Evans
Zymogram ty p e s  7 X 1 77 31 14 9 28 39 17 5 6  14
Id h . s / s  X f / f  *
Id h J  s / s  X f / f  *
A gate  X E l to n
Zymogram ty p e  5 X 4  34 16 6  4 16 39 19 5 9 12
Id h .  f / f  X s / s
Id h ^  s / s  X f / f  _______________________ _______________________
T o ta l  o b se rv e d : 171 6 8  26 19 63 186 77 31 29 67
2
X (e x p e c te d  8 : 3 : 1 : 1 : 3 )  «  1 .4 3  *» n . s .  3 .1 6  = n . s .* *
* O nly th e  s u p e r s c r i p t s  o f  th e  a l l e l e  sym bols a r e  g iv e n  b e c a u se  o f  
sp a c e  l i m i t a t i o n s .
** S ig n i f i c a n c e  was d e te rm in e d  a t  th e  5% l e v e l ,  w ith  n . s .  e q u a l to  n o t  
s i g n i f i c a n t .
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p lu s  an  I n t e r l o c u s  h e te ro d im e r )  f o r  th e  o th e r  t h r e e  homozygous a l l e l e  
c o m b in a tio n s  a t  th e  two l o c i .  IDH h a s  been  r e p o r te d  a s  a  d im er in  
p l a n t s ,  and to  form  i n t e r l o c u s  h y b r id s  (Adams and J o ly ,  1980; Goodman 
e t  a l . , 1980 ).
I f  t h i s  h y p o th e s is  i s  c o r r e c t ,  th e n  th e  d ih y b r id  p h e n o ty p ic  
r a t i o  i s  e x p e c te d  to  b e  d i s t o r t e d  from  a  4 : 2 : 2 : 2 : 1 : 1 : 1 : 2 : 1  r a t i o  to  
an  8 : 3 : 1 :1 :3  r a t i o  a s  some o f  th e  g e n o ty p ic  c l a s s e s  a r e  i n d i s t i n g u i s h ­
a b le  ( s e e  F ig u re  9 ) .  An 8 : 3 : 1 : 1 : 3  F^ r a t i o  on a l l  p o s s ib le  d ih y b r id  
c r o s s e s  was o b se rv e d  (T a b le  4 ) .  N e i th e r  t h i s  o b se rv e d  r a t i o  n o r  
th e  o b se rv e d  F2 ~ and F^-zym ogram  ty p e s  f i t  w hat was e x p e c te d  u n d e r  Yong 
e t  a l . *s h y p o th e s i s .  F2 ~ progeny  t e s t s  r e v e a le d  th e  e x p e c te d  g e n o ty p ic  
r a t i o  f o r  a  d ih y b r id  c r o s s  (T a b le  5 ) .  I n d iv id u a ls  w ith  v a r io u s  h e t e r o ­
zygous c o m b in a tio n s  showed th e  t h r e e  p a r e n t a l  bands a s  w e ll  a s  two 
in te r m e d ia te  (R^ 0 .6 0  and 0 .5 3 )  h y b r id  d im er bands (H ty p e  in  F ig u re s  
8 A and 9 ) .  The s e g r e g a t io n  r a t i o s  and zymograms o b se rv e d  in d ic a te d  
t h a t  th e  monomers p ro d u ced  by a l l  a l l e l e s  com bined random ly to  form  
a l l  e x p e c te d  i n t r a -  and i n t e r l o c u s  d im e rs .  The two w ere d e s ig n a te d
l o c i  I d h j  and I d l ^ ,  w ith  th e  r e s p e c t iv e  codom inan t a l l e l e s  I d h j^ ,
s  f  s  f  sId h ^  , Id h 2  and I d l^  . The monomers o f  th e  Idh^  and I d l^  a l l e l e s
had th e  same m ig ra t io n  r a t e  (R^ 0 .5 9 ) ,  w h ile  Id h ^ S p rod u ced  th e  Rf  0 .4 9
monomer and I d h ^  th e  R^ 0 .6 3  monomer. T hus, w ith  r e g a rd s  to  bands
th r e e ,  fo u r  and f i v e ,  zymogram ty p e s  1, 2 , and 9 w ere p rod u ced  when
b o th  l o c i  w ere homozygous f o r  b o th  f a s t  a l l e l e s  ( I d h ^  and I d t ^ )  .
Zymograms 3 , 4 and 10 w ere  p ro d u ced  when Idh^ was homozygous f o r  i t s
s low  a l l e l e  ( Id h ^ S) and Idh,, f o r  i t s  f a s t  a l l e l e  ( I d l ^ )  . Zymograms
5 , 6  and 11 w ere p ro d u ced  when Idh^  was homozygous f o r  I t s  f a s t  a l l e l e
f  s( I d h j  ) and I d l^  f o r  i t s  s low  a l l e l e  ( I d l^  ) .  Zymogram ty p e s  7 , 8
C ro sse s F2  g en o ty p es  o b ta in e d  from  progeny  t e s t s
F2  Zymogram ty p e s : H ty p e ty p e  1 , 2 ty p e  7 , 8 3 ,4 5 ,6
F j  Zymogram ty p e s :
F2  I d h j  G en o ty p es:*  
F2  Id h 2  G en o ty p es:*



















C h e s tn u t X Amsoy 
Zymogram ty p e  1 X 8  
Id h  f / f  X s / s  * 
Idh^  f / f  X s / s  *
5 1 4 1 1 3 1 2 1
Amsoy X W ilson  
Zymogram ty p e  8 X 1  
Id h j  s / s  X f / f  * 
Id h 2  s / s  X f / f  *
14 8 4 7 3 4 1 4 1
Cayuga X Evans 
Zymogram ty p e s  7 X 1  
Id h j  s / s  x f / f  *
Id h 2  s / s  X f / f  *
4 1 1 3 2 0 1 0 0
A gate  X E lto n  
Zymogram ty p e  5 X 4  
I d ^  f / f  X s / s  * 
Id h 2  s / s  X f / f  *
T o ta l  o b se rv e d :
8 4 6 1 2 6 2 1 1
31 14 15 1 2 8 13 5 7 3
X^ (e x p e c te d  4 : 2 : 2 : 2 : 1 : 2 :1 : 1 : 1 ) = 3 .74 = n . s .* *
* Only th e  s u p e r s c r ip t  o f  th e  a l l e l e  sym bols a r e  g iv e n  b eca u se  o f  sp ace  l i m i t a t i o n s .
** S ig n i f ic a n c e  was d e te rm in e d  a t  th e  5% l e v e l ,  w ith  n . s .  e q u a l to  n o t  s i g n i f i c a n t .
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Figure 9. Idh Genetic Model;
F£ g e n e t ic  d a ta  from  fo u r  d i f f e r e n t  c r o s s e s  each  s e g r e g a t in g  f o r  
b o th  th e  Idh^ and Idh^  l o c i  a r e  g iv e n  a lo n g  w ith  d a t a  from  F2  p ro g en y  
t e s t s  (Fg g e n e r a t i o n ) . T h is  o b se rv e d  d a ta  i s  com pared w ith  e x p e c te d  
r e s u l t s  from  th e  m odel o f  th e  c y t o s o l - a s s o c i a t e d ,  IDH in h e r i t a n c e  
d e s c r ib e d  in  th e  t e x t  and s c h e m a t ic a l ly  p ic tu r e d  on t h i s  f i g u r e .
* The num bers 1 and 2 r e f e r  to  th e  Idh^  and I d l^  l o c i  r e s p e c t i v e l y ,
w h ile  th e  F and S s u p e r s c r i p t s  r e f e r  to  th e  codom inan t a l l e l e s  I d h ^ ,  
Id h ^ S, ld ^ 2 ^ and I d t ^  a t  th e s e  l o c i .  A t th e  s id e  o f  each  band 
drawn i s  th e  s u b u n i t  c o m p o s itio n  in  te rm s  o f  th e  a l l e l i c  o r i g i n  o f  
monomers.
CROSSES SEGREGATING FOR BOTH Id h j AND l d h 2 LOCI,  1F/1 F, 2 F/ 2 F x 1S/1 S, 2 S/ 2 S*
OR 1F/1 F 2 S/ 2 S x 1S/1 S, 2 F/ 2 F*
1F/1 F2F/2F
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and 1 2  w ere  th e  r e s u l t  o f  b o th  l o c i  b e in g  homozygous f o r  t h e i r  slow
s s s fa l l e l e s  ( I d h j  and Id ?^  ) .  L a s t l y ,  w henever b o th  th e  Idh^  and I d l^
a l l e l e s  w ere in c lu d e d  in  a  seed  w ith  e i t h e r  lo c u s ,  o r  b o th ,  b e in g  h e t ­
e ro z y g o u s , th e  f i v e  b an d , H -ty p e  zymogram r e s u l t e d  (F ig u re  9 ) .
In  p rogeny  t e s t s  (T a b le  5 ) ,  F2  s e e d s  w ith  th e  f i v e  b an d , H -ty p e  
zymogram alw ays s e g r e g a te d ,  b u t ,  a s  e x p e c te d  w ith  t h i s  m odel, in  t h r e e  
d i f f e r e n t  w ays. A p p ro x im a te ly  h a l f  showed a l l  zymogram ty p e s  ( f o r  
bands t h r e e ,  fo u r  and f i v e )  in  th e  same r a t i o  a s  o b se rv e d  in  F2  se e d s  
( 8 : 3 : 1 : 1 : 3 ) ,  i n d i c a t i n g  t h a t  b o th  th e  Idh^ and I d l^  l o c i  w ere h e t e r o ­
zy gous. A p p ro x im a te ly  a  q u a r t e r  showed zymogram ty p e s  1+2, H, and 3+4 
in  a  1 : 2 : 1  r a t i o ,  i n d i c a t i n g  t h a t  lo c u s  Idh^  was f ix e d  f o r  th e  I d l ^  
a l l e l e  and t h a t  Idh^  was h e te ro z y g o u s .  The l a s t  q u a r t e r  showed zymo­
gram ty p e s  3+4, H, and 7+8 in  a  1 :2 :1  r a t i o ,  i n d i c a t i n g  t h a t  Idh^  was 
f ix e d  f o r  th e  I d h j S a l l e l e  and t h a t  Idhg  was h e te ro z y g o u s . The F2  
s e e d s  w hich  showed th e  ty p e  1 o r  2  zymograms w ere found  to  show two
d i f f e r e n t  in h e r i t a n c e  p a t t e r n s  in  p ro g en y  t e s t s  (T a b le  5 ) .  A p p ro x lm ate -
f  f  f  fly  one t h i r d  b re d  t r u e ,  i n d i c a t i n g  hom o zy g o sity  (Id h ^  /Id h ^  , I d t^  / I d t ^  )•
The re m a in in g  two t h i r d s  s e g re g a te d  in  a  t h r e e  ty p e -1  o r  2: one ty p e  
5 o r 6  r a t i o ,  i n d i c a t i n g  t h a t  th e y  w ere f ix e d  f o r  t h e  I d h ^  a l l e l e  and 
h e te ro z y g o u s  f o r  Id l^ *  The F2  s e e d s  w hich  showed th e  ty p e  7 o r  8  
zymogram ty p e s  a l s o  showed two d i f f e r e n t  i n h e r i t a n c e  p a t t e r n s  in  p ro ­
geny t e s t s .  A p p ro x im a te ly  one t h i r d  b re d  t r u e ,  i n d i c a t i n g  th e  
Id h ^ S/ l d h ^ S , I d t ^ / I d t ^ 3  g e n o ty p e . The re m a in in g  two t h i r d s  s e g re g a te d  
in  a  t h r e e  ty p e  7 o r  8  : one ty p e  5 o r  6  r a t i o ,  i n d i c a t i n g  t h a t
g
th e y  w ere f ix e d  f o r  th e  I d l^  a l l e l e  and h e te ro z y g o u s  a t  Id h ^ . The 
F2  s e e d s  w hich  showed th e  ty p e  3 , 4 , 5 , o r  6  zymogram ty p e s  a lw ays 
b re d  t r u e ,  w ith  r e s p e c t  to  bands t h r e e ,  fo u r  and f i v e .
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Yong e t  a l .  (1981) i n t e r p r e t e d  th e  ty p e  5 , 6  and 11 zymograms a s  
h a v in g  o n ly  a  s in g l e  IDH lo c u s ,  w h ile  th e  o th e r  ty p e s  had a  new ly  
d u p l i c a te d  p a i r  o f  IDH l o c i .  The fo rm a tio n  o f  i n t e r l o c u s  d im e rs  and 
th e  common s u b c e l l u l a r  a c t i v i t y  s i t e  o f  th e s e  isozym es s u g g e s te d  th a t  
th e  I d h j  and I d t^  l o c i  w ere  d u p l i c a t e s .  I f  t h i s  i s  t r u e ,  t h i s  d u p l i c a ­
t i o n  m ost l i k e l y  o c c u r re d  e a r l y  in  th e  e v o lu t io n  o f  th e  G ly c in e  g e n u s .
G_. so .ja  showed a l l  zymogram ty p e s  found  in  c u l t i v a t e d  so y b e a n s , a l th o u g h  
w ith  much d i f f e r e n t  f r e q u e n c ie s ,  a s  th e  ty p e  5 and 6  zymograms p r e ­
d o m in a ted . G^ . c l a n d e s t in e  and G^ . to m e n te l la  a l s o  w ere found  to  have 
a c c e s s io n s  w ith  t h r e e  c y t o s o l - a s s o c i a t e d  ban d s (F ig u re  8 C ) . T h is  su g ­
g e s t s  t h a t  th e y  w ere a l s o  l i k e l y  to  have  two c y to p la s m ic ,  N A D P-active 
IDH l o c i .  The Idh^  and I d l^  l o c i  may p ro v id e  an  e x c e l l e n t  exam ple o f  
gene  d u p l i c a t i o n  and d iv e rg e n c e  in  th e  e v o lu t io n  o f  a  g e n u s , a s  w e l l  
a s  i n  th e  developm en t o f  c u l t i v a t e d  fo rm s ( s e e  d i s c u s s io n  s e c t i o n ) .
The a d d i t i o n a l  IDH zymogram ty p e s  r e p o r te d  by Gorman e t  a l . (1982b ,
1983) and K iang and Gorman (1983) in v o lv e d  th e  m o b i l i ty  o f  th e  m ito ­
c h o n d r ia l - a s s o c ia t e d  band tw o. T h ree  homozygous zymogram ty p e s ,  w ith  
r e s p e c t  to  band two m o b i l i t y ,  w ere o b se rv e d  in  th e  403 (J. max and 120 
J3. so .ja  c u l t i v a r s  and p l a n t  in t r o d u c t i o n s  t e s t e d  f o r  IDH a c t i v i t y .  
Zymogram ty p e s  1+3+5+7 had a  band two m o b i l i ty  o f  R^ 0 .3 1 ,  ty p e s  
2+4+6+8 had a  band two m o b i l i t y  o f  0 .3 7 ,  and ty p e s  9+10+11+12 
had a  band two m o b i l i ty  o f  R^ 0 .4 1  (F ig u re  8 A ). I t  i s  h y p o th e s iz e d  
t h a t  a  t h i r d  v a r i b l e  IDH lo c u s  w ith  t h r e e  codom inan t a l l e l e s  i s  
r e s p o n s ib le  f o r  th e  d i f f e r e n c e .  I n h e r i t a n c e  s tu d i e s  showed a  1 :2 :1  
F2  s e g r e g a t io n  r a t i o  when ty p e s  1+3+5+7 w ere c ro s s e d  w ith  ty p e s  2+4+6+8, 
a s  w e l l  a s  when ty p e s  1+3+5+7 w ere c ro s s e d  w ith  ty p e s  9+10+11+12
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(T a b le _ 6 ) .  H e te ro z y g o te s  (H ty p e  in  F ig u re  8 A) d is p la y e d  b o th  p a r e n t a l  
b a n d s , a l th o u g h  due to  th e  weak s t a i n i n g  o f  th e s e  b a n d s , th e y  w ere h a rd  
to  s c o r e .  Seeds s c o re d  a s  h e te r o z y g o te s  in  th e  F2  u s u a l ly  s e g re g a te d  in  
th e  F ^ , b u t some m is ta k e n  s c o re s  w ere e v id e n t  s in c e  n o t  a l l  F^ f a m i l i e s  
s e g r e g a te d .  The F2  d a ta  in  T a b le  6  was c o r r e c t e d  when p ro g en y  t e s t s  
r e v e a le d  m is ta k e n  s c o r e s .  Seeds w ith  th e  0 .3 1  band w ere e a s i e r  to  
s c o re  and a lw ay s b re d  t r u e .  The f a c t  t h a t  t h e r e  was no d i f f e r e n c e  b e­
tw een r e c i p r o c a l  c r o s s e s ,  and th e  M en d elian  s e g r e g a t io n  r a t i o s  o b s e rv e d , 
in d i c a te d  n u c le a r  c o n t r o l ,  d e s p i t e  th e  m i to c h o n d r ia l  a c t i v i t y  s i t e .  The
g
lo c u s  was d e s ig n a te d  Id h ^  w ith  th e  v a r i a b l e  a l l e l e s  Id h ^  (p ro d u c in g  
th e  0 .3 1  b a n d ) ,  Idhg™ (p ro d u c in g  th e  R^ . 0 .3 7 )  and I d h ^  (p ro d u c in g  
th e  R^ 0 .4 1  b a n d ) .
The m i to c h o n d r i a l - a s s o c ia t e d  IDH isozym es (band one and two) w ere 
w eaker s t a i n i n g  th a n  th e  c y t o s o l - a s s o c i a t e d  isozym es (bands t h r e e ,  
fo u r  and f i v e ) . Zymograms w ere a l s o  o f t e n  b l u r r y  w ith  r e s p e c t  to  th e s e  
b a n d s , p a r t i c u l a r l y  in  o ld e r  s e e d l in g  t i s s u e s ,  w ith  r e s o l u t i o n  b e s t  in  
im m ature o r  d ry  c o ty le d o n s  (F ig u re  8 B ) . The m o b i l i ty  o f  band two ap ­
p e a re d  to  h av e  no e f f e c t  on band o n e , s u g g e s t in g  in d e p e n d e n t g e n e t ic  
c o n t r o l .  In  some t i s s u e s  a  weak band in te r m e d ia te  betw een  b an d s  one 
and two was o b s e rv e d . T h is  band m ig h t have been  an  i n t e r l o c u s  h e t e r o ­
d im e r. I t  was im p o s s ib le  to  t e l l  i f  Idh^  h e te r o z y g o te s  c o n ta in e d  add­
i t i o n a l  IDH bands b e s id e s  th e  p a r e n t a l  b a n d s , a s  m ig h t be  e x p e c te d  w ith  
a  m o le c u le  h a v in g  a  d im er s t r u c t u r e  su ch  a s  IDH. H e te ro z y g o te s  w ere 
even  h a rd  to  d i s t i n g u i s h  from  th e  Id h ^  h o m ozygo tes. I n  some G^ . c l a n ­
d e s t i n e  p l a n t  i n t r o d u c t i o n s ,  how ever, t h r e e  c l e a r  IDH bands w ere ob­
se rv e d  in  th e  m o b i l i t y  a r e a  o f  th e  (3. max and G^. so .ja  zymogram bands 
one and two (F ig u re  8 C ). The £ .  c l a n d e s t in a  p l a n t  in t r o d u c t io n s
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T a b le  6 . I n h e r i t a n c e  o f  a l l e l e s  a t  th e  Id h ^  lo c u s .
C ro sse s
s e e d s  and F2 * 
p la n t - p r o g e n ie s
F , s e e d s  from  
F j  p l a n t s
H ty p e
Zymogram ty p e s : 1 ,3 ,5 ,7 H 2 , 4 , 6 , 8 1 ,3 ,5 ,7 H 2 , 4 , 6 . 8
Idhg  G eno types:
Id h 3m Id h 3m Id h 3m i d h / Id h 3S
Id h 3m Id h 3S id h 3 s i d h / i d h / Id h 3S
Amsoy X W ilson  
Zymogram ty p e  8 X 1 2 1 48 23 24 44 25
Id h 3s / I d h 3s X Id h 3m/I d h 3m
E lto n  X K in g s to n  
Zymogram ty p e  4 X 3 2 1 31 1 1 1 0 16 1 2
Id h 3S/ I d h 3  X Id h 3m/ I d h 3m
K in g s to n  X E l to n  
Zymogram ty p e  3 X 4 2 1 38 1 2 13 17 6
Id h 3m/ I d h 3m X Id h 3s / I d h 3s
A gate  X E lto n  
Zymogram ty p e  5 X 4 16 31 16 1 0 27 5
Id h 3m/I d h 3m X Id h 3s / I d h 3s 
T o ta l  o b se rv e d : 79 148 62 57 104 48
2
X (e x p e c te d  1 :2 :1 )= 2 .1 6  = n . s . 0 .7 9  = n, .s .* *
Zymogram ty p e s : 5 H 1 1
Id h 3  G eno types:
Id h 3m I d h / i d h /
Id h 3m M h 3£ i d h /
B ragg X P I4 0 7 .2 7 2  
Zymogram ty p e  5 X 11 6 1 1 5
I d h ^ / ld h ®  X Id h 3f / I d h 3
T o ta l  o b s e rv e d : 6  11 5
2
X (e x p e c te d  1 :2 :1 )  = 0 .1  = n . s .
P I4 0 7 .2 7 2  i s  a  G_. s o ja  p l a n t  i n t r o d u c t i o n .
* F£ p la n t - p r o g e n ie s  and  F2  s e e d s  w ere th e  same e x c e p t f o r  th o s e  F2
s e e d s  n o t  g e rm in a te d , s in c e  th e  e l e c t r o p h o r e t i c  te c h n iq u e  was non­
d e s t r u c t i v e  a l lo w in g  p ro g en y  t e s t s  on th e  same F 2  s e e d s .
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w ere p o ly m o rp h ic  w ith  r e s p e c t  to  th e s e  b a n d s . The ty p e s  o f  zymograms 
o b se rv ed  w ere s u g g e s t iv e  o f  two i n t e r a c t i n g  l o c i  fo rm in g  an  i n t e r l o c u s  
h e te ro d im e r ,  b u t t h e r e  i s  no g e n e t ic  d a t a .  I t  ap p e a re d  p o s s i b le  t h a t  th e  
soybean  m i to c h o n d r ia l - a s s o c ia te d  l o c i  w ere  a n a lo g o u s , h a v in g  two w eakly  
i n t e r a c t i n g  l o c i .  N e v e r th e le s s ,  th e  b e s t  i n t e r p r e t a t i o n  o f  th e s e  o b s e rv a ­
t i o n s  i s  t h a t  t h e r e  w ere two n u c le a r  l o c i  w h ich  p ro d u ced  th e  m i to c h o n d r ia l  
a s s o c ia te d  IDH isozym es in  so y b e a n s . O nly th e  Idh^  lo c u s  was g e n e t i c a l l y  
c o n firm e d .
The c r o s s  be tw een  th e  c u l t i v a r s  Amsoy and W ilson  s e g re g a te d  f o r  a l l  
t h r e e  v a r i a b l e  IDH l o c i .  A l l  o f  th e  e x p e c te d  15 p h e n o ty p ic  c l a s s e s  w ere 
o b se rv e d  in  a  p r o p o r t io n  w hich  in d i c a te d  in d e p en d en ce  betw een  th e  th r e e  
l o c i  (T a b le  1 4 ) .
In  summary, th e  e v id e n c e  o b se rv e d  showed t h a t  t h e r e  w ere fo u r  NADP- 
a c t i v e  IDH l o c i  in  £ .  max and (3. s o j a . Two coded f o r  c y t o s o l - a s s o c i a te d  
iso zy m es. They w ere  u n l in k e d ,  b u t  i n t e r a c t e d  to  form  an i n t e r l o c u s  
h e te ro d im e r .  B oth  o f  th e s e  l o c i  had two codom inan t a l l e l e s  in  th e  w ild  
p lu s  c u l t i v a t e d  soybean  germ plasm  exam ined (T a b le  1 3 ) . The re m a in in g  
two l o c i  coded m i to c h o n d r ia l - a s s o c ia te d  iso zy m es . O nly one o f  th e s e  was 
found  to  be g e n e t i c a l l y  v a r i a b l e  w ith  t h r e e  codom inan t a l l e l e s  found in  
th e  c o l l e c t i v e  germ plasm  (T a b le  1 3 ) . T h is  g e n e t ic  m odel f o r  IDH in  soy­
b ean s  was i n  ag reem en t w ith  th e  s u b c e l l u l a r  d i s t r i b u t i o n ,  m o le c u la r  
s t r u c t u r e ,  and in h e r i t a n c e  modes r e p o r te d  f o r  IDH isozym es in  o th e r  
p l a n t s  (Adams and J o ly ,  1980; Goodman e t  a l . ,  1980: G o t t l i e b ,  1982; 
L e h n in g e r , 19 8 2 ).
L eu c in e  Amino P e p t id a s e
L e u c in e  amino p e p t id a s e s  (LAP) a r e  n o n s p e c i f i c  e x o p e p t id a s e s  w hich 
h y d ro ly z e  th e  p e p t id e  bond a d ja c e n t  to  a  f r e e  amino g ro u p . They s e -
I
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q u e n t i a l l y  l i b e r a t e  am ino a c id s  from  th e  N - te rm in a l  o f  a  num ber o f  
p r o t e i n s  and p o ly p e p t id e s  (W o rth in g to n  M anual, 1 9 6 8 ). The enzyme i s  
c a l l e d  le u c in e  a m in o p e p tid a se  b e c a u se  i t  r e a c t s  m ost r a p id l y  w ith  l e u ­
c in e  com pounds, su ch  a s  L - le u c in e -B -n a p h th y la m id e , w h ich  was u se d  
a s  th e  s u b s t r a t e  to  v i s u a l i z e  LAP isozym es in  so y b e a n s .
Four homozygous zymogram ty p e s  w ere o b se rv e d  in  th e  395 £ .  max 
and 129 £ .  s o ja  c u l t i v a r s  and p l a n t  in t r o d u c t i o n s  exam ined (A ppendix 1;
Gorman e t  a l . , 1 9 8 2 a ,b , 1983; K iang and Gorman, 1 9 8 3 ). Zymogram ty p e s
1, 2 ,  and 3 each  had  two a n o d a l LAP b a n d s , b u t  d i f f e r e d  in  th e  m o b i l i ty  
( R ^ 's  0 .4 9 ,  0 .5 3 ,  and 0 .5 8 )  o f  th e  f i r s t  LAP band (F ig u re  10A). Type-4 
zymograms la c k e d  th e  seco n d  LAP band (F ig u re  10A). We h ave  h y p o th e s iz e d  
t h a t  th e  g e n e t ic  d i f f e r e n c e  betw een  zymogram ty p e s  1 , 2 and 3 was con­
t r o l l e d  by a  s in g l e  lo c u s  w i th  t h r e e  codom inan t a l l e l e s  (K iang and Gor­
m an, 1 9 8 3 ). I n h e r i t a n c e  d a ta  was n o t  o b ta in e d  c o n c e rn in g  th e  ty p e -3  
zymogram (w hich  h a s  o n ly  been  o b se rv e d  in  one £ .  s o ja  P I ) , b u t  c r o s s e s  
betw een  ty p e -1  and 2 p l a n t s  showed a  1 :2 :1  s e g r e g a t io n  r a t i o  (Ta­
b l e  7 ) .  H e te ro z y g o te s  (H -ty p e  in  F ig u re  10A) showed b o th  th e  R^ 0 .4 9  
and 0 .5 3  b a n d s , w ith  th e  la c k  o f  any in te r m e d ia te  bands i n d i c a t i n g  a 
m onom eric enzyme s t r u c t u r e .  LAP h a s  been  r e p o r te d  a s  a monomer in  
o th e r  p l a n t s  (Adams and J o l y ,  1 9 8 0 ). Only F2  s e e d s  w ith  th e  H -ty p e  
zymogram s e g re g a te d  in  th e  F ^ , and th e r e  was no d i f f e r e n c e  betw een  
r e c i p r o c a l  c r o s s e s  (T a b le  7 ) .  The lo c u s  in v o lv e d  was d e s ig n a te d  a s
L ap^j w ith  th e  v a r i a b l e  a l l e l e s  L a p ^  (p ro d u c in g  th e  R^ 0 .5 3  band) and 
sL ap j (p ro d u c in g  th e  Rf  0 .4 9  b a n d ) .  T ype-3 zymograms w ere  v e ry  l i k e ­
ly  th e  r e s u l t  o f  a  t h i r d  codom inan t a l l e l e  a t  th e  Lap^ lo c u s ,  t e n t a -
v
t i v e l y  d e s ig n a te d  Lap^ .






A .) Zymogram ty p e s  o b se rv e d  in  LAP s ta in e d  g e l s .  The t h r e e  
zymograms p ic tu r e d  and th e  ty p e -3  zymogram s h e m a t ic a l ly  d raw n , w ere 
o b se rv e d  from  d ry  seed  c o ty le d o n s .  The ty p e - lA  zymogram draw n i s  r e p ­
r e s e n t a t i v e  o f  how a  ty p e -1  zymogram a p p e a re d  in  o th e r  t i s s u e s .  T h is  
was shown to  c o n t r a s t  th e  ty p e -4  zymogram in  w hich  th e  second  band was 
a b s e n t .
B .) S ch em atic  d ia g ra m s  o f  LAP zymograms o b se rv e d  when 
v a r io u s  soybean  t i s s u e s  o r  d e v e lo p m e n ta l s ta g e s  w ere  u sed  a s  e l e c t r o ­
p h o r e t i c  s a m p le s . O nly ty p e -1  zymograms a r e  shown. A ppendix  I I  l i s t s  
th e  d e s c r i p t i o n s  f o r  e a c h  o f  th e  a b b r e v ia t io n s  u s e d .
C>) S ch em atic  d ia g ra m s o f  th e  v a r io u s  LAP zymograms 
o b se rv e d  in  th e  d i f f e r e n t  G ly c in e  s p e c ie s  exam ined . B oth  ban d s one 
and two w ere  in c lu d e d ,  th e s e  two bands w ere  o n ly  o b se rv e d  to g e th e r  in  
zymograms when c o ty le d o n s ,  s e v e r a l  days a f t e r  g e rm in a tio n ,  w ere u sed  
a s  sa m p le s . Cl th ro u g h  C4 r e p r e s e n t  th e  fo u r  d i f f e r e n t  zymogram ty p e s  
o b se rv e d  from  th e  G_. c l a n d e s t in a  p l a n t  in t r o d u c t io n s  exam ined . Ml 
r e p r e s e n t s  a ty p e - 1  soybean  zymogram, in c lu d e d  f o r  co m p ariso n , w h ile  
T l r e p r e s e n t s  th e  o n ly  zymogram ty p e  o b se rv e d  in  th e  G_. to m e n te l la  
p l a n t  in t r o d u c t io n s  exam ined .
f  S V§ B ecause  o f  sp a c e  l i m i t a t i o n s ,  th e  a l l e l e s  Lap^ , Lap^ and Lap^
w ere  a b b re v ia te d  by u s in g  o n ly  t h e i r  s u p e r s c r i p t  l e t t e r s  f ,  s  and v .
*  The h a p 2  lo c u s  sym bol and th e  Lap^V, Lap 2  and l aP 2  a l l e l e  sym bols
u sed  in  th e  f i g u r e  a r e  u n o f f i c i a l ,  s in c e  t h i s  lo c u s  and th e s e  a l l e l e s  
a r e  o n ly  h y p o th e s iz e d  and have n o t  been  co n firm e d  w ith  i n h e r i t a n c e  
d a t a .
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Figure 10. LAP
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Table 7. In h e rita n c e  of a l l e l e s  a t  the  Lap^ lo cu s.
Crosses
F2  seeds and F2 * 
p lan t-p ro g en ie s
F^ seeds from H type 
F2  p la n ts
Zymogram types: 1 H 2 1 H 2
Lap^ Genotypes:
T f  Lapx fLapL Lapj* T fLapj fLapj LaP lS
Lapxf LaP lS T sLapj fLapj T s Lapx LaP lS
L indarln  X Norredo 
Zymogram type 1 X 2 14 38 22 19 39 15
Lap ^ /L ap  ^  X Lap j3/Lap
A73-25050 X PI407.195 
Zymogram type 1 X 2 13 15 6 24 55 21
£  £  S  SLapj /Lap^ X Lap ^  /Lap ^
Norredo X L indarln  
Zymogram type 2 X 1 7 16 8 25 45 22
Lap.8/Lap 3 X Lap /^Lap^
T o ta l observed: 38 . .69 36 68 139 58
2
X (expected 1 :2 :1 ) ■ 0.23 » n . s .  1.40 “ n .s .* *
PI407.195 i s  a J3. so la  p la n t In tro d u c tio n , w hile  A73-25050 i s  an ex p eri­
m ental G. max l in e .
* F2  p la n t-p ro g en ie s  and seeds were th e  same except fo r  those  F2
seeds no t germ inated, s in c e  th e  e le c tro p h o re tic  technique was non­
d e s tru c tiv e  allow ing  progeny t e s t s  on th e  same F2  seeds.
** S ig n ifican ce  was determ ined a t  the  5% le v e l ,  w ith  n . s .  equal to  not 
s ig n i f ic a n t .
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th e n  to  l o s e  a c t i v i t y  a  few  days a f t e r  g e rm in a t io n .  T h is  was th e  o n ly  
t i s s u e  w here t h i s  f i r s t  band was se e n  (F ig u re  10B ). The second  band 
was n o t  a c t i v e  in  d ry  s e e d s ,  b u t  became v i s i b l e  on zymograms a  few  d ay s  
a f t e r  g e rm in a tio n ,  and was se e n  in  a l l  o th e r  t i s s u e s  and d e v e lo p m e n ta l 
s ta g e s  t e s t e d  (F ig u re  10B ). T h ere  was o n ly  a  b r i e f  p e r io d  o f  o v e r la p  in  
seed  g e rm in a tio n  when b o th  ban d s w ere p r e s e n t  in  zym ograms. The e v id e n c e  
c o l l e c t e d  in d ic a te d  t h a t  b o th  bands w ere a c t i v e  in  th e  c y t o s o l .  They 
b o th  showed a c t i v i t i e s  i n  s u p e r n a ta n t  f r a c t i o n s ,  b u t  w ere n o t  v i s u a l ­
iz e d  in  w ashed p a r t i c u l a t e  f r a c t i o n s  (p3 o r  p 3 9 ) . Band two was a l s o  
se e n  in  p o l l e n  l e a c h a t e .  G ly c in e  c l a n d e s t in a  was found  to  be p o ly m o rp h ic  
f o r  m o b i l i ty  v a r i a n t s  o f  b o th  bands (F ig u re  IO C). B ecause v a r i a n t s  
o f  e i t h e r  band had no a p p a re n t  e f f e c t  on th e  o th e r  b an d , LAP isozym es 
w ere  p ro b a b ly  m onom ers, and  th e  two bands showed c l e a r  d i f f e r e n c e s  in  
t i s s u e  d i s t r i b u t i o n  and d e v e lo p m e n ta l p a t t e r n s ,  i t  was c o n c lu d ed  t h a t  
each  was th e  p ro d u c t o f  a  u n iq u e  lo c u s .  T h e re fo re ,  w h ile  t h e r e  i s  
n o t  any  c o n f irm in g  i n h e r i t a n c e  d a ta  c o n c e rn in g  th e  g e n e t ic  c o n t r o l  o f  
ty p e -4  zym ograms, i t  i s  h y p o th e s iz e d  t h a t  a second  lo c u s  ( t e n t a t i v e l y  
d e s ig n a te d  Lap2 ) was in v o lv e d .  V a r ia n ts  la c k in g  a c t i v i t y  a r e  t y p i c a l l y  
th e  r e s u l t  o f  r e c e s s iv e  a l l e l e s  in  so y b ean s (Gorman and K ian g , 1978; K iang , 
1981: Gorman e t  a l . ,  1 9 8 3 ) . The h ap 2  lo c u s  p ro b a b ly  had two v a r i a n t  
a l l e l e s ,  t e n t a t i v e l y  d e s ig n a te d  l a p 2  and Lap2 > w hich  r e s p e c t i v e l y  
d i s t i n g u i s h e d  ty p e -4  zymograms from  ty p e - 1 ,  2 o r  3 zym ograms. S in c e  
Lap2  (band tw o) was n o t  a c t i v e  in  d ry  seed  c o ty le d o n s ,  o ld e r  t i s s u e s  
had to  be  u sed  to  s c r e e n  f o r  v a r i a n t s .  T h is  work was done by 
Y .C. C hiang f o r  343 £ .  max c u l t i v a r s  (Gorman e t  a l . ,  1983; A ppendix  I ) .  
S c re e n in g  o f  (3. so 1a p l a n t  in t r o d u c t i o n s  f o r  Lap2  v a r i a n t s  h a s  n o t 




n o t  p e rfo rm  a  v e ry  c r i t i c a l  m e ta b o lic  f u n c t io n  in  a d u l t  soybean  p l a n t s  
o r  s e e d l i n g s ,  s in c e  l i t t l e  LAP a c t i v i t y  was e l e c t r o p h o r e t i c a l l y  v i s i b l e
in  a l l  t i s s u e s  o f  ty p e -4  c u l t i v a r s  e x c e p t d ry  seed  c o ty le d o n s .
In  summary, th e  Lap zymograms o b se rv e d  in  G_. max and G_. s o ja  w ere 
th e  p ro d u c ts  o f  two l o c i .  B oth l o c i  w ere  sc re e n e d  in  G_. max w ith  two 
co n firm ed  a l l e l e s  found  a t  th e  Lap^ lo c u s ,  and two h y p o th e s iz e d  a l l e l e s  
found  a t  th e  Lap2  lo c u s  (T a b le  1 3 ) . O nly th e  Lap^ lo c u s  was s c re e n e d  
in  th e  £ .  so .ja  germ plasm , w ith  two co n firm ed  and one h y p o th e s iz e d  
a l l e l e s  found  (T a b le  1 3 ).
M a la te  D ehydrogenase
M a la te  d eh y d ro g en a se  (MDH) c a t a ly z e s  th e  fo l lo w in g  r e a c t io n :
L -m a la te  + NAD ♦  o x a lo a c e t a te  + N A D ^. I t  i s  an  im p o rta n t enzyme 
in  s e v e r a l  c e n t r a l  m e ta b o lic  p a th w ay s . N A D -active MDH isozym es have 
been  r e p o r te d  a s  e x i s t i n g  in  t h r e e  s u b c e l l u l a r  l o c a t io n s  in  p l a n t s  
(T ing  e t  a l . ,  1 9 7 5 ). M ito c h o n d r ia l  isozym es f u n c t io n  in  th e  t r i c a r b o x ­
y l i c  a c id  c y c le  a s  w e ll  a s  th e  m a la te  a s p a r t a t e  s h u t t l e ,  c y to p la s m ic  
isozym es a r e  in v o lv e d  in  th e  m a la te  a s p a r t a t e  s h u t t l e ,  and m icrobody  
isozym es f u n c t io n  in  p h o to r e s p i r a t io n  and th e  g ly o x y la te  pathw ay . Each 
s u b c e l l u l a r  s i t e  h a s  s p e c i f i c  g e n e t i c a l l y  u n iq u e  isozym es (Goodman a t  a l . , 
1978; G o t t l i e b ,  1982, Newton and S c h w a rtz , 19 8 0 ). In  a d d i t i o n ,  NADP- 
a c t i v e  MDH enzym es e x i s t  in  p l a n t s  ( th e y  a r e  a l s o  c a l l e d  m a lic  enzym es, 
Jo h n so n , 1976; L e h n in g e r , 1982 ).
Only one MDH zymogram ty p e  was o b se rv e d  in  th e  180 G_. max and 
1 0 1  G_. s o ja  c u l t i v a r s  and p la n t  in t r o d u c t io n s  exam ined , w ith  a s  many 
a s  te n  MDH bands o b se rv e d  in  some t i s s u e s  (F ig u re  11B ), Bands t h r e e ,  




A .) A p h o to g ra p h , in  r e f e r e n c e  to  R f, o f  th e  o n ly  MDH zymo­
gram ty p e  y e t  to  be  o b se rv e d  in  G_. max o r  s o j a . The sam ples used  
w ere c o ty le d o n s  48 h o u rs  a f t e r  th e y  had begun to  im b ibe  w a te r .  MAD was 
u sed  a s  th e  coenzyme so t h a t  bands one and two w ere n o t  w e ll  v i s u a l i z e d .
B .) S ch em a tic  d ia g ra m s r e p r e s e n t a t i v e  o f  MDH zymograms 
o b se rv e d  from  sam p les  o f  d i f f e r e n t  soybean  t i s s u e s  o r  d e v e lo p m e n ta l 
s t a g e s .  A ppendix  I I  l i s t s  th e  d e s c r ip t i o n s  f o r  each  o f  th e  a b b re v ia ­
t i o n s  u s e d .
C .) S ch em atic  d ia g ra m s r e p r e s e n t a t i v e  o f  v a r io u s  zymograms (from  
c o ty le d o n s  sam pled w i th in  24 h o u rs  a f t e r  se e d s  began  to  im bibe w a te r)  
o b se rv e d  in  th e  d i f f e r e n t  G ly c in e  s p e c ie s  exam ined . C l, C2 and C3
a r e  f o r  th e  d i f f e r e n t  zymogram ty p e s  o b se rv e d  in  GL c l a n d e s t in a  p la n t  
i n t r o d u c t i o n s .  M r e p r e s n t s  a  G_. max zymogram, and T l and T2 a r e  th e  
zymogram ty p e s  o b se rv e d  in  th e  G^ . to m e n te l la  p l a n t  in t r o d u c t io n s  exam­
in e d .
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Figure 11. MDH
Zymogram Types: JL  -L  -L  -L  -L  -L
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had th e  g r e a t e s t  a c t i v i t y  in  p39 c e l l  f r a c t i o n s ,  and t h i s  a c t i v i t y  
was n o t  w eakened w ith  w ash in g . Bands s i x ,  sev en  and e ig h t  w ere c y t o s o l -  
a s s o c i a t e d ,  a s  th e y  had t h e i r  g r e a t e s t  a c t i v i t y  in  th e  s39 f r a c t i o n  
and t h e i r  a c t i v i t y  in  th e  p39 f r a c t i o n  was w eakened w ith  w ash in g .
Bands f i v e ,  s i x ,  sev en  and e ig h t  w ere o b se rv e d  in  c ru sh e d  p o l l e n ,  w ith  
j u s t  bands s i x ,  sev en  and e ig h t  o b se rv e d  in  p o l l e n  l e a c h a t e ,  i n d i c a t i n g  
c y to p la s m ic  a s s o c i a t i o n  f o r  bands s i x ,  sev en  and e ig h t  and o r g a n e l le  
a s s o c i a t i o n  f o r  band f i v e  (Weeden and G o t t l i e b ,  1980b ). Bands n in e  and 
te n  w ere o n ly  w eak ly  a c t i v e  in  some t i s s u e s  (F ig u re  11B), and w ere n o t  
w e l l  v i s u a l i z e d  in  th e  s c r e e n in g  t i s s u e ,  so t h a t  i t  i s  unknown w h e th e r  
th e y  w ere  v a r i a b l e  in  th e  soybean  germ plasm . B ecause o f  th e  low 
s t a i n i n g  i n t e n s i t y  o f  bands n in e  and te n  and th e  s im p le  f r a c t i o n a t i o n  
p ro c e d u re s  u s e d , i t  was a l s o  n o t  p o s s i b l e  to  d i s c e r n  w here ban d s n in e  and 
te n  o r ig i n a t e d  in  c e l l s .  They m ig h t r e p r e s e n t  th e  m ic ro b o d y -a s s o c ia te d  
isozym es found  in  o th e r  p l a n t s  (T in g  _et a l . ,  1975 ). C a ta la s e  w hich  
was u sed  a s  a  m icrobody  m arke r was a l s o  n o t  c l e a r l y  i s o l a t e d  in  any 
p a r t i c u l a r  c e l l  f r a c t i o n  ( s e e  m a t e r i a l s  and m e th o d s ) . C a ta la s e  a l s o  
showed b an d in g  i n t e n s i t i e s  c o r re s p o n d in g  to  th e  i n t e n s i t i e s  o f  MDH 
bands n in e  and te n  in  d i f f e r e n t  t i s s u e s  (Gorman, 19 7 6 ). Bands one 
and two w ere th e  o n ly  MDH isozym es v i s u a l i z e d  w ith  NADP a s  th e  coenzym e. 
They had l i t t l e  a c t i v i t y  in  u n g e rm in a te d  se e d s  and w ere o n ly  w e ll  
v i s u a l i z e d  in  s e e d l in g  t i s s u e s  a  few  d ay s a f t e r  g e rm in a tio n .  T hus, i t  i s  
n o t  known i f  th e y  w ere v a r i a b l e  in  th e  w ild  o r  c u l t i v a t e d  soybean  
germ plasm . B oth ban d s one and two w ere c y to p la sm ic  in  o r i g i n .
In  lo o k in g  a t  th e  two o th e r  G ly c in e  s p e c ie s ,  q u i t e  s im i l a r  MDH 
zymograms w ere o b se rv e d  (F ig u re  11C), w ith  two e x c e p t io n s .  F i r s t ,
(?. c l a n d e s t in a  was p o ly m o rp h ic  w ith  r e s p e c t  to  th e  c y to p la s m ic  bands
i
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s i x ,  sev en  and e i g h t .  T h e re  w ere some £ .  c l a n d e s t in a  P i ' s  w ith  bands 
h a v in g  i d e n t i c a l  m o b i l i ty  to  so y b ean s and some P i ' s  w ith  th e  same 
band e i g h t ,  b u t  s lo w e r m ig ra t in g  bands s ix  and s e v e n . V ery s im i l a r  
p a t t e r n s  w ere r e p o r te d  w i th  c o rn ,  in  w hich  th e  c y t o s o l - a s s o c i a te d  
MDH isozym es w ere r e p o r te d  to  be  th e  p ro d u c ts  o f  two r e l a t e d  l o c i ,  w hich 
form ed b o th  i n t e r -  and i n t r a l o c u s  d im e rs  (Goodman e t  a l . ,  1980; Newton 
and S c h w artz , 1980; Yang e t  a l . , 1 9 7 7 ). I t  a p p e a re d  q u i t e  p o s s ib le  
t h a t  th e  G ly c in e  s p e c ie s  s tu d ie d  had a  s i m i l a r  g e n e t ic  c o n t r o l  f o r  bands 
s i x ,  sev en  and e i g h t  ( th e s e  t h r e e  bands b e in g  th e  p ro d u c ts  o f  two i n t e r ­
a c t in g  l o c i  w hich  form ed two i n t r a l o c u s  and one i n t e r l o c u s  d im e r s ) . 
I n t e r a c t i n g  p a i r s  o f  l o c i  w ere found  to  b e  f a i r l y  common in  soybeans 
( i e . ,  ADH, D ia , IDH, PGD, and PGI enzym es), b u t th e r e  i s  no g e n e t ic  
c o n f i rm a t io n  w ith  r e g a r d s  to  th e  MDH ban d s s i x ,  sev en  and e i g h t .
The second  d i f f e r e n c e  in  zymograms was t h a t  a l l  th e  G^ . to m e n te l la  
P i ' s  exam ined had a  s lo w e r  m ig ra t in g  band f i v e  th a n  so y b e a n s , th e  same 
band t h r e e ,  and an  u n d i s t i n g u i s h a b le  band fo u r  (F ig u re  11C ). A g a in , 
th e  g e n e t ic  c o n t r o l  in  th e  G ly c in e  s p e c ie s  s tu d ie d  m ig h t be  an a lo g o u s  
to  t h a t  found  f o r  c o rn  m i to c h o n d r ia l  MDP iso zy m es , in  w hich two ( th r e e  
in  c o rn )  l o c i  i n t e r a c t  in  a  hom oheterod im er r e l a t i o n s h i p  (Goodman e t  a l , , 
1980; Newton and S c h w a rtz , 1980; Yang e t  a l . ,  1 9 7 7 ). S u p p o rt f o r  t h i s  
id e a  was seen  in  s tu d y in g  th e  t i s s u e  and d e v e lo p m e n ta l d i s t r i b u t i o n  o f  
MDH b an d s  (F ig u re  11B ). Band f i v e  was a c t i v e  in  a l l  sa m p le s , b u t bands 
t h r e e  and fo u r  e i t h e r  w ere  b o th  a b s e n t  o r  b o th  p r e s e n t  in  d i f f e r e n t  t i s ­
su es  to g e th e r .  I f  band fo u r  was an  i n t e r l o c u s  h e te ro d im e r  i t  w ould b e  ex ­
p e c te d  to  b e  p r e s e n t  o n ly  w ith  b o th  hom odim ers (bands f i v e  and t h r e e ) .
D e s p i te  t h e i r  c o m p le x ity  in  num bers o f  bands and s u b c e l l u l a r
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a c t i v i t y  s i t e s ,  MDH zymograms w ere  th e  m ost c o n s e r v a t iv e  o f  a l l  th e  
enzymes s tu d ie d  in  th e  G ly c in e  g e n u s . T h is  la c k  o f  g e n e t ic  v a r i a t i o n  
a t  MDH l o c i ,  may be c o in c id e n c e  o r  may be a co n seq u en ce  o f  l i t t l e  t o l ­
e ra n c e  f o r  d e v ia t io n s  in  th e s e  m e ta b o l i c a l ly  im p o r ta n t iso zy m es .
In  c o n c lu s io n ,  (?. max and _G. s o ja  MDH isozym es f e l l  i n t o  fo u r  
g ro u p s w ith  r e s p e c t  to  e l e c t r o p h o r e t i c  m o b i l i ty  and w ith  r e s p e c t  to  
t h e i r  s u b c e l l u l a r  d i s t r i b u t i o n  o r  coenzyme s p e c i f i c i t y .  The f i r s t  
g roup (bands one and two) was N A D P-active and c y t o s o l - a s s o c i a t e d .
T hese bands may have been  th e  p ro d u c ts  o f  one o r  two l o c i .
The second  group  (bands t h r e e ,  fo u r  and f i v e )  w ere m i to c h o n d r ia l - a s s o c ­
i a t e d .  T h e ir  c o n t r o l  was n o t  c o n firm e d , b u t  th e y  m ost l i k e l y  w ere th e  
p ro d u c ts  o f  two i n t e r a c t i n g  l o c i .  The t h i r d  group  (bands s i x ,  seven  
and e ig h t )  w ere c y t o s o l - a s s o c i a t e d ,  and a l s o  w ere l i k e l y  to  h ave  been 
th e  p ro d u c ts  o f  two i n t e r a c t i n g  l o c i .  L a s t l y ,  bands n in e  and te n  w ere 
p o o r ly  r e s o lv e d  e l e c t r o p h o r e t i c a l l y  and o f  u n c e r t a in  c e l l u l a r  o r i g i n .
I t  was unknown i f  th e s e  ban d s w ere th e  p ro d u c ts  o f  one o r  two l o c i .
The (5. max and G-. s o ja  germ plasm  was o n ly  sc re e n e d  w ith  r e s p e c t  to  
th e  e s t im a te d  fo u r  l o c i  co d in g  f o r  bands t h r e e ,  f o u r ,  f i v e ,  s i x ,  seven  
and e ig h t  and was found to  b e  m onom orphic (T a b le  1 3 ) .
M annose-6 -p h o s p h a te  Iso m e ra se
M annose-6 -p h o s p h a te  iso m e ra se  (MPI) a c t s  m a in ly  to  c o n v e r t  
m annose-6 -p h o s p h a te  in to  f r u c t o s e - 6 -p h o s p h a te  w hich  may th e n  e n te r  
th e  g ly c o ly t i c  seq u en ce  (L e h n in g e r , 1 9 8 2 ). I t  may a l s o  a c t  on o th e r  
6 -p h o sp h o h e x o se s , t h e r e f o r e  i t s  p h y s io lo g ic a l  c l a s s  a s  a  s u b s t r a t e -  
s p e c i f i c  o r  n o n - s p e c i f i c  enzyme i s  q u e s t io n a b le ,  a s  i s  th e  im p o rtan ce  
o f  MPI in  so y b ean s .
I
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F iv e  homozygous MPI zymograms w ere o b se rv e d  in  th e  403 J l. max 
and 116 (5. so .ja  c u l t i v a r s  and P i ' s  t e s t e d  (A ppendix I ;  Gorman e t  a l . , 
1982b, K iang and Gorman, 1 9 8 3 ). Zymogram ty p e s  1, 2 , 3 and 4 d i f f e r e d  
in  t h e i r  m o b i l i t i e s  ( R f 's  ° f  0 .5 8 ,  and 0 .6 4 ,  0 .6 5  and 0 .7 0 ,  0 .7 1  and 0 .7 5 ,  
and 0 .7 6 ,  0 .8 1 )  o f  th e  o n ly  two MPI bands o b se rv e d  (F ig u re  12A ). I t  i s  
h y p o th e s iz e d  t h a t  a  s i n g l e  lo c u s  w ith  v a r i a b l e  codom inan t a l l e l e s  i s  r e ­
s p o n s ib le  f o r  th e  m o b i l i ty  d i f f e r e n c e s .  I n h e r i t a n c e  s tu d ie s  d e a l in g  w ith  
t h r e e  o f  th e s e  ty p e s  (1 ,2  and 3) showed a  1 :2 :1  s e g r e g a t io n  r a t i o  
from  a l l  c r o s s e s  (T a b le  8 ) .  H e te ro z y g o te s  ( t h e r e  w ere t h r e e  d i f f e r e n t  
H -ty p e  zymograms) showed b o th  s e t s  o f  p a r e n t a l  b a n d s , a l th o u g h  in  ty p e  
1 X 2  o r  ty p e  2 X 3  c r o s s e s  h e te ro z y g o te s  o n ly  had t h r e e  ban d s a s  th e r e  
was an  o v e r la p  o f  one b an d . O nly H -ty p e  F£ s e e d s  s e g re g a te d  in  th e  F ^ . 
T h ere  was no d i f f e r e n c e  i n  th e  one r e c i p r o c a l  c r o s s  t e s t e d .  The lo c u s
in v o lv e d  was d e s ig n a te d  a s  M pi, w ith  th e  co d o m in an t, v a r i a b l e  a l l e l e s
f  inMpi (p ro d u c in g  bands a t  0 .7 1  and 0 .7 5 ,  ty p e -1  zym ogram s), Mpi ( p r o -
sd u c in g  ban d s a t  0 .6 5  and  0 .7 0 ,  ty p e -2  zym ogram s), and Mpi (p ro d u c in g  
bands a t  R^ 0 .5 8  and 0 .6 4 ,  ty p e -3  zym ogram s). The ty p e -4  zymograms w ere 
v e ry  l i k e l y  th e  p ro d u c t o f  a  f o u r th  codom inan t a l l e l e  ( t e n t a t i v e l y  d e s ig ­
n a te d  MpiV) a t  th e  Mpi lo c u s .  One n a t u r a l  h e te ro z y g o te  w ith  MPI bands 
a t  R^ 0 .6 5 , 0 .7 0 ,  0 .7 6  and 0 .8 1  was o b se rv e d  in  a  G_. s o ja  s e e d .
Even th o u g h  two MPI bands w ere o b se rv ed  in  hom ozygo tes, th e  g e n e t ic  
d a ta  in d i c a t e s  t h a t  b o th  w ere th e  p ro d u c t o f  a  s i n g l e  lo c u s  (M p i). B oth 
MPI ban d s w ere c y to s o l - a s s o c i a te d  a s  th e y  w ere o n ly  v i s u a l i z e d  in  
s u p e rn a ta n t  c e l l  f r a c t i o n s .  T here  w ere s e v e r a l  r e a s o n s  why a  s in g l e  
gene p ro d u c t m ig h t h av e  b een  d is p la y e d  a s  m ore th a n  one band a f t e r  
e l e c t r o p h o r e s i s .




A .) Zymogram ty p e s  o b se rv e d  in  MPI s ta in e d  g e l s ,  w here d ry  seed  
c o ty le d o n s  w ere  u se d  a s  th e  sam ple t i s s u e .
B .) S ch em a tic  d ia g ra m s r e p r e s e n t a t i v e  o f  th e  MPI zymograms 
o b se rv e d  from  d i f f e r e n t  soybean  t i s s u e s  o r  d e v e lo p m e n ta l s t a g e s .  App­
e n d ix  I I  l i s t s  th e  d e s c r i p t i o n s  f o r  eac h  o f  th e  a b b r e v ia t io n s  u s e d .
Only ty p e -1  zymograms a r e  shown.
C .) S ch em atic  d ia g ra m s o f  MPI zymograms (from  c o ty le d o n s  sam pled  
w i th in  24 h o u rs  from  when s e e d s  began  to  im b ibe  w a te r )  o b se rv e d  in  
th e  d i f f e r e n t  G ly c in e  s p e c ie s  exam ined . Cl and C2 a r e  d i f f e r e n t  
zymogram ty p e s  o b se rv e d  in  c l a n d e s t i n a . M2 and Ml a r e  f o r  G. max 
zymogram ty p e s  1 and 2 ,  w h ile  T1 i s  f o r  th e  o n ly  zymogram ty p e  o b se rv ed  
in  G_. to m e n te l la  p l a n t  i n t r o d u c t i o n s .
* The m pi and MpiV a l l e l e  sym bols u sed ' a r e  t e n t a t i v e  sy m b o ls , s in c e  
th e s e  a l l e l e s  w ere  n o t  co n firm ed  w ith  i n h e r i t a n c e  s t u d i e s .
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Figure 12. MPI
Zymogram T ypes: 5 H 2 3 1 4
C









T a b le  8 . I n h e r i t a n c e  o f  a l l e l e s  a t  th e  Mpi lo c u s .
C ro sse s
? 2  s e e d s  and  F2 * 
p l a n t - p r o e e n ie s
Fg s e e d s  from  H ty p e  
F2  p l a n t s
Zymogram ty p e s : 1 H 2 1 H 2





M pif  
— c—mMpi Mpi
A73-25050  X P I4 0 7 .1 9 5  
Zymogram ty p e  1 X 2 4 17 8 14 41 2 0
Mpif /M pif  X Mpim/M pim
E lto n  X K in g s to n  
Zymogram ty p e  1 X 2 18 50 19 33 69 34
Mpif /M pif  X Mpim/M pim
K in g s to n  X E l to n  
Zymogram ty p e  2 X 1 13 17 8 5 1 1 8
Mpim/M pim X Mpif /M pif
H i l l  X T145 
Zymogram ty p e  2 X 1 135 242 118
Mpim/M pim X Mpif /M pif
T o ta l  o b se rv e d : 170 326 153 52 1 2 1 62
2
X (e x p e c te d  1 :2 :1 )  * 2 .9 6  = n .  s . 1 .0 6  -  n . s . * *
Zymogram ty p e s : 1 H 3 1 H 3




• v A a a n O
. Mpi _ . ... Mpi Mpi Mpi
H ark  X P i ' s  65 .5 4 9  & 
135.624 
Zymogram ty p e s  1 X 3 9 31 8 29 45 23
Mpif /M pif  X M piS/M piS
T o ta l  o b se rv e d : 9 31 8 29 45 23
X^ (e x p e c te d  1 : 2 : 1 ) = 4 .3 7  = n . s . 1 .2 4  = n . s .
P i ' s  4 0 7 .1 9 5 , 6 5 .5 4 9  and 135 .624  a r e  6 . so .ja  p l a n t  in t r o d u c t i o n s ,  w h ile  
A 73-25050 and T145 a r e  e x p e r im e n ta l  £ .  max l i n e s .
i
I l l
T a b le  8  c o n t in u e d .
C ro sse s
F£ s e e d s  and 
p la n t - p r o g e n ie s
F^ se e d s  from  H ty p e  
F^ p l a n t s
Zymogram ty p e s : 2 H 3 2 H 3











Cayuga X Evans 
Zymogram ty p e  2 X 3
Mpim/M pim X M piS/M piS
23 47 19 1 0 18 8
Amsoy X W ilson  
Zymogram ty p e  2 X 3
Mpim/M pim X Mpi®/Mpi8
29 40 2 1 2 2 39 17
T o ta l  o b se rv e d :
2
X (e x p e c te d  1 :2 :1 )  ■
52 87 
1 .7 4  = i
40




i. 8 8  = n .
25
,s .* *
* F2  p l a n t - p r o g e n ie s  and  s e e d s  w ere th e  same e x c e p t f o r  th o s e  F£
s e e d s  n o t  g e rm in a te d , s in c e  th e  e l e c t r o p h o r e t i c  te c h n iq u e  was non­
d e s t r u c t i v e  a l lo w in g  p ro g en y  t e s t s  on th e  same F^ s e e d s .
** S ig n i f i c a n c e  was d e te rm in e d  a t  th e  5% l e v e l ,  w ith  n . s .  e q u a l  to  
n o t  s i g n i f i c a n t .
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and 0 .7 0  in  d ry  seed  c o ty le d o n s .  O th e r t i s s u e s  a p p e a re d  to  h av e  had 
s t r o n g e r  a c t i v i t y .  B oth  MPI bands w ere re d u c e d , a s  was e x p e c te d  w ith  
o n ly  one MPI lo c u s .  I n h e r i t a n c e  d a ta  c o n c e rn in g  th e  ty p e -5  zymograms 
was n o t  c o l l e c t e d ,  b u t  i t  i s  h y p o th e s iz e d  t h a t  a  low  a c t i v i t y  o r  p ro ­
d u c t io n  a l l e l e  ( t e n t a t i v e l y  d e s ig n a te d  m pi) a t  th e  Mpi lo c u s  i s  
r e s o p n s ib le .  In  a d d i t io n  to  t h i s  v a r i a n t  th e r e  may h ave  b een  o th e r  
a l l e l e s  in  th e  c o l l e c t i v e  G_. max and £ .  so .ja  germ plasm  w hich  had a l e s s  
ex trem e  e f f e c t  on th e  s t r e n g t h  o f  th e  MPI b a n d s . P la n t  i n t r o d u c t i o n s  
w ith  w eaker ty p e - 1  and ty p e - 2  zymograms w ere o b s e rv e d , w h ile  th e  ty p e -  
3 zymograms w ere found  to  h av e  a  c h a r a c t e r i s t i c a l l y  lo w er i n t e n s i t y  
b an d in g  p a t t e r n .  However, s in c e  th e  e l e c t r o p h o r e t i c  te c h n iq u e s  
em ployed w ere p r im a r i ly  q u a l i t a t i v e ,  l i n e s  w ere  n o t  c l a s s i f i e d
b ased  on sm a ll i n t e n s i t y  d i f f e r e n c e s .  No i n h e r i t a n c e  i n v e s t i g ­
a t i o n s  w ith  th e s e  w eaker ty p e s  w ere p u rs u e d . One p o s s ib le  c a u se  f o r
weak a c t i v i t y  ty p e s  was seed  a g e . T h is  c l e a r l y  o c c u r re d  w ith  th e  MPI 
zymograms a s  F2  s e e d s ,  p ro d u ced  from  one p a r e n t  l i n e  (P I4 0 7 .2 9 1  ) w hich  
had been  s c o re d  from  o ld e r  s e e d s  a s  a  MPI n u l l ,  a l l  showed no rm al MPI 
b a n d s . S e g re g a t io n  p a t t e r n s  a t  o th e r  l o c i  in d i c a te d  t h a t  th e  t e s t e d  
se e d s  w ere  F2  h y b r id s  from  th e  e x p e c te d  p a r e n t s .  H owever, f r e s h l y  
h a r v e s te d  p ro g en y  seed  from  th e  ty p e -5  c u l t i v a r  ’E a r ly a n a ’ s t i l l  
showed MPI bands w ith  g r e a t l y  re d u c e d  a c t i v i t y  in  d ry  seed  c o ty le d o n s ,  
i n d i c a t i n g  a  g e n e t ic  c a u s e .
The Mpi lo c u s  a p p e a re d  to  have been  th e  o n ly  a c t i v e  MPI lo c u s  in  
a l l  th e  t i s s u e s  exam ined , show ing a c t i v i t y  o n ly  in  c o ty le d o n s  and 
r o o t  n o d u le s  (F ig u re  12B ). MPI zymograms r e p r e s e n te d  th e  s im p le s t  
zymogram y e t  exam ined in  so y b ean s  and th e  o n ly  zymogram to  d a te  
w hich  was th e  p ro d u c t o f  a  s i n g l e  lo c u s .  More com plex MPI zymo­
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gram s show ing fo u r  o r  f i v e  bands in  hom ozygotes w ere o b se rv e d  in  G_. 
to m e n te l la  and some (3. c l a n d e s t in a  p l a n t  in t r o d u c t io n s  (F ig u re  12C ). 
T hese p l a n t  i n t r o d u c t io n s  w ere o b se rv e d  to  have two c l u s t e r s  o f  b a n d s , 
one w ith  a p p ro x im a te ly  th e  same m o b i l i ty  a s  th e  soybean  MPI b a n d s , and 
a  second  w ith  f a s t e r  m ig ra t io n  r a t e s .  O th er (3. c l a n d e s t in a  p l a n t  
i n t r o d u c t io n s  had o n ly  th e  f a s t e r  m ig ra t in g  b a n d s . I t  a p p e a re d  p o s s i ­
b le  to  me th a t  _G. to m e n te l la  and some o f  th e  G_. c l a n d e s t in a  p la n t  
in t r o d u c t io n s  had two a c t i v e  MPI l o c i ,  w h ile  w ild  and c u l t i v a t e d  soy ­
b ean s  and th e  o th e r  J3. c l a n d e s t in a  p l a n t  in t r o d u c t io n s  each  h ave  l o s t  
a  d i f f e r e n t  lo c u s .
In  summary, th e  MPI zymograms o b se rv e d  in  G_. max and G_. so .ja 
w ere  th e  p ro d u c t o f  a  s i n g l e  EPI lo c u s  (M p i), w hich  was found to  h ave  
th r e e  c o n firm e d , and two h y p o th e s iz e d  a l l e l e s  in  th e  c o l l e c t i v e  germ - 
p lasm  t e s t e d  (T a b le  1 3 ).
6 -P h o sp h o g lu c o n a te  D ehydrogenase
6 -P h o sp h o g lu c o n a te  d e h y d ro g en a se  (PGD) f u n c t io n s  s p e c i f i c a l l y  
in  th e  o x id a t iv e ,  p h o sp h o g lu c o n a te  p e n to s e  p h o sp h a te  (PPP) pathw ay to  
o x id iz e  and d e c a rb o x y la te  6 -p h o s p h o g lu c o n a te  (L e h n in g e r . 1 9 8 2 ). I t  i s  
an  im p o r ta n t enzyme in  t h i s  pathw ay , and th e  enzyme f o r  w hich  t h i s  
pathw ay was nam ed, b u t i t  does n o t  f u n c t io n  in  a  r a t e  c o n t r o l l i n g  o r  
r e g u la to r y  c a p a c i ty  (Jo h n so n , 19 7 6 ).
The PGD zymograms o b se rv e d  in  so y b ean s w ere f a i r l y  com plex w ith  
up to  s i x  ( in  hom ozygotes) a p o d a l bands se e n  in  some t i s s u e s ,  and 
w ith  l a r g e  d e v e lo p m e n ta l and g e n o ty p ic  zymogram d i f f e r e n c e s  o b se rv e d  
(F ig u re  1 3 ) . In  a d d i t i o n  to  th e  s i x  c l e a r  bands o b se rv e d  in  homo­
z y g o te s  and d is c u s s e d  be low , many PGD zymograms showed a b l u r r y ,  in c o n -
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s i s t a n t ,  b an d in g  a r e a  n e a r  th e  sam ple o r i g i n ,  I  h ave  ig n o re d  t h i s  
PGD a c t i v i t y  a s  I  f e l t  i t  was l i k e l y  an  a r t i f a c t .
E ig h t homozygous zymogram t y p e s  w ere o b se rv e d  in  th e  403 (3. max 
and 120 G_, s o ja  c u l t i v a r s  and p l a n t  i n t r o d u c t io n s  t e s t e d .  Seven o f  
th e s e  v a r i a n t  zymogram ty p e s  in v o lv e d  th e  m o b i l i ty  o r  a c t i v i t y  o f  bands 
on e , two and t h r e e  (F ig u re  13A ). Zymogram ty p e s  1 and 2 w ere v e ry  common 
in  b o th  G_. max and (3. s o .ja , zymogram ty p e -3  was f a i r l y  common in  (3. s o ja  
w h ile  zymogram ty p e s  4 , 5 , 6  and 7 w ere r a r e  ty p e s  se e n  in  o n ly  a  few 
G. s o ja  a c c e s s io n s .  E x te n s iv e  in h e r i t a n c e  d a ta  was c o l l e c t e d  con­
c e rn in g  th e  g e n e t ic  c o n t r o l  o f  zymogram Lypes 1, 2 and 3 , l im i t e d  d a ta  
c o n c e rn in g  ty p e s  5 and 7 , and no in h e r i t a n c e  d a ta  c o n c e rn in g  ty p e s  4 
and 6 . I t  i s  h y p o th e s iz e d  t h a t  a l l  o f  th e s e  ty p e s  a r e  d e l i n ­
e a te d  by two i n t e r a c t i n g  l o c i ,  b o th  w ith  v a r i a b l e  a l l e l e s .
The two l o c i  p ro d u ced  PGD monomers w hich  com bined random ly  to  form  
two hom odim ers (bands one and th r e e )  and one i n t e r l o c u s  h e te ro d im e r  
(band tw o ) . PGD h a s  b een  r e p o r te d  a s  a  d im er in  a. number o f  p l a n t s  
(Adams and J o ly ,  1980; Goodman e t  a l . , 1980) and to  form  i n t e r l o c u s  
d im ers  in  m aize  (Goodman e t  a l . ,  1980 ).
In  ty p e  1 and 2 zym ogram s, th e  m o b i l i ty  o f ban d s one and two
d i f f e r e d  (R,. 0 .2 2  and 0 .2 5  v s .  0 .1 7  and 0 .2 3 ) ,  w h ile  in  ty p e -3  zymo- r
gram s ban d s one and two w ere  e l e c t r o p h o r e t i c a l l y  u n d e te c ta b le  (F ig u re  
13A). The y tp e  1 and 2 zymograms a r e  h y p o th e s iz e d  a s  b e in g  th e  r e ­
s u l t  o f  two codom inan t a l l e l e s  a t  a  s in g l e  n u c le a r  lo c u s ,  w h ile  th e  
ty p e - 3  zymogram was th e  r e s u l t  o f  a  n u l l  (o r  low a c t i v i t y )  a l l e l e  a t  
t h i s  same lo c u s .  As p r e d ic te d  w ith  t h i s  m odel, a  1 :2 :1  F2 ~ s e g re g a t io n  
r a t i o  was o b se rv e d  be tw een  c r o s s e s  o f  ty p e -1  and ty p e -2  p l a n t s  (T a b le  9 ) ,  
w ith  h e te r o z y g o te s  show ing a l l  f i v e  o f  th e  p a r e n t a l  a s  w e ll  a s  a new
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Figure 13. PGD:
A .) P h o to g ra p h s  and s c h e m a tic  d ia g ra m s , in  r e f e r ­
ence  to  R^, o f  th e  PGD zymogram ty p e s  o b s e rv e d . A ll  o f  th e  zymo­
gram ty p e s  shown w ere o b se rv e d  from  d ry  se e d  c o ty le d o n s .  L is te d  
u n d e r th e  s u b u n i ts  h e a d in g  a r e  th e  h y p o th e s iz e d  a l l e l e  o r i g i n s  o f  th e  
monomers m aking up th e  PGD d im ers  f o r  bands o n e , two and t h r e e .  The 
number ( 1  o r  2 ) r e f e r s  to  th e  l o c i  Pgd^ o r  Pgd2 , w h ile  th e  l e t t e r  
r e f e r s  to  th e  p a r t i c u l a r  a l l e l e  s u p e r s c r i p t  ( P g d ^ ,  P g d ^ ,  P g d ^ ,  
Pgd2 S , Pgd2 m, Pgd2 ^ ,  and Pgd2 V) . S in c e  band two was h y p o th e s iz e d
a s  an i n t e r l o c u s  d im e r ,  w hich  can be  made up o f  s u b u n i ts  from  any 
c o m b in a tio n  o f  a l l e l e s  from  Pgd^ and Pgd2 » a l l  o f  th e  band two 
monomer s t r u c t u r e s  a r e  r e p r e s e n te d  a s  l - , 2 - .
B .) S ch em atic  d ia g ra m s o f  th e  PGD zymograms o b se rv e d  
when v a r io u s  soybean  t i s s u e s  o r  d e v e lo p m e n ta l s ta g e s  w ere u sed  a s  
e l e c t r o p h o r e t i c  s a m p le s . O nly ty p e -1  zymograms a r e  shown. A ppendix 
I I  l i s t s  th e  d e s c r i p t i o n s  f o r  eac h  o f  th e  a b b r e v ia t io n s  u s e d .
C .) S ch em atic  d ia g ra m s o f  th e  v a r io u s  PGD zymograms
o b se rv e d  in  th e  d i f f e r e n t  G ly c in e  s p e c ie s  exam ined . Cl th ro u g h  C4 
r e p r e s e n t  th e  fo u r  d i f f e r e n t  zymogram ty p e s  o b se rv e d  from  th e
G. c l a n d e s t in a  p l a n t  in t r o d u c t i o n s  exam ined . Ml and M2 r e p r e s e n t  th e  
ty p e - 1  and ty p e - 2  soybean  zym ogram s, in c lu d e d  f o r  c o m p a riso n , w h ile
T l ,  T2 and T3 r e p r e s e n t  th e  t h r e e  zymogram ty p e s  o b se rv e d  in  th e  G.
to m e n te l la  p l a n t  i n t r o d u c t i o n s  exam ined .
* B ecause o f  sp a c e  l i m i t a t i o n s ,  th e  Pgd^ and Pgd2  a l l e l e s  w ere  a b b re ­
v ia t e d  by u s in g  o n ly  t h e i r  s u p e r s c r i p t  l e t t e r s  s ,  m, f  and v .  The 
Pgd^v , Pgd2 S and Pgd 2 V a l l e l e s  a r e  o n ly  h y p o th e s iz e d  and w ere  
n o t  co n firm ed  w ith  i n h e r i t a n c e  s t u d i e s .
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T a b le  9. I n h e r i t a n c e  o f  a l l e l e s  a t  th e  Pgd^ and Pgd^ l o c i .
C ro sse s F£ se e d s F2  p l a n t -  
p ro g e n ie s
F s e e d s  from  
Seg F£ p l a n t s
Zymogram ty p e s : 1 3 1 Seg§ 3 1 3
P g d j G en o ty p es:
P g d / P gdj
Pgdx
_ j  f  T1 J f  P gdx Pgdx
P g d /  p g d L
P gd j 
Pgd j
P g d / P gd j
Pgd j
P I4 0 6 .684 X A73-109084 
Zymogram ty p e  3 X 1
P g d j/p g d t  X P gd 1 f /P g d 1f
29 1 0 2 3 1 82 29
H ark  X P i ' s  65 .5 4 9  & 
135.624 
Zymogram ty p e  1 X 3
P g d / / P g d /  X p g d j /p g d j  
T o ta l  o b se rv e d :
42 1 2 2 3 2 96 32
71 2 2 4 6 3 178 61
X2  ( 3 :1 ,  -  , 3 :1 )  - 0 .0 9 “  ia . s . - 0 .0 4  = n . s .* *
Zymogram ty p e s : 1 ._H 2 1 H 2
Pgd^ G eno types:
P g d /
P g d /
P g d /
P g d /
P g d /
P g d /
P g d /  P g d /  P g d /  
P g d /  P g d /  P g d /
H i l l  X T145 
Zymogram ty p e  1 X 2  
Pgd^ f / f  X s / s *
94 207 90
E lto n  X K in g s to n  
Zymogram ty p e  1 X 2  
P g d j f / f  X s / s *
14 41 13 1 1 2 2  1 1
K in g s to n  X E l to n  
Zymogram ty p e  2 X 1  
P g d j s / s  X f / f *
1 1 30 1 1 3 16 6
A gate  X E l to n  
Zymogram ty p e  2 X 1  
P gd j s / s  X f / f *
T o ta l  o b se rv e d :
27 46 19 19 36 23
146 324 133 33 74 40
2
X (e x p e c te d  1 :2 :1 )  - 3 .9 2 = n . s . 0 . 6 8 *» n . s . * *
P i ' s  4 0 6 .6 8 4 , 65 .549  and 135 .549  a r e  £ .  s o ja  p l a n t  i n t r o d u c t i o n s ,  w h ile  
A 73-109084 and T145 a r e  e x p e r im e n ta l  G^ . max l i n e s .
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T a b le  9 c o n t in u e d .
C ro sse s F2  s e e d s
Zymogram ty p e s : 1 .2  H 5 ,7
P g ^  G eno types:
Pgd2f  Pgd2f  Pgd2m 
Pgd 2  Pgd 2  Pgd2
Bragg X P I4 0 7 .2 7 2  
Zymogram ty p e s  1 X 5
Pgd2m/P g d 2m X Pgd2f /P g d 2f
5 11 6
T o ta l  o b se rv e d : 5 11 6
2
X (e x p e c te d  1 :2 :1 )  ■ 0 .0 8  * n . s . * *
P I4 0 7 .2 7 2  i s  a  J3. s o ja  p l a n t  in t r o d u c t i o n .
§ Seg e q u a ls  s e g r e g a t in g  In  th e  F^ g e n e r a t io n .
* O nly th e  s u p e r s c r i p t s  o f  th e  a l l e l e  sym bols a r e  g iv e n  b e c a u se  o f  
sp a c e  l i m i t a t i o n s .
** S ig n i f i c a n c e  was d e te rm in e d  a t  th e  5% l e v e l ,  w ith  n . s .  e q u a l to  n o t  




i n t r a l o c u s ,  h y b r id  d im er band (H -ty p e  in  F ig u re  13A ). O nly H -ty p e  F£ 
se e d s  s e g re g a te d  in  th e  F ^ , and th e r e  was no d i f f e r e n c e  be tw een  r e c ip r o  
c a l  c r o s s e s .  The c r o s s e s  betw een  ty p e -1  and ty p e -3  p l a n t s  d is p la y e d  a  
3 (bands one and two p r e s e n t )  : 1 (bands one and two a b s e n t)  F2 ~ se g -  
r e g a t io n  r a t i o  (T a b le  9 ) .  F2  s e e d s  from  t h i s  c r o s s  w ith  th e  ty p e -3  
zymogram b re d  t r u e ,  b u t  s i x  o f  th e  te n  F 2  s e e d s  t e s t e d  w ith  t h e  ty p e - 1  
zymogram s e g re g a te d  in  th e  F^* T h ere  was no d i f f e r e n c e  betw een  r e c i p ­
r o c a l  c r o s s e s .  The v a r i a b l e  lo c u s  w hich  d i s t i n g u i s h e d  th e  ty p e  1 ,
2 and 3 zymograms was d e s ig n a te d  a s  P gd^, w ith  th e  codom inan t a l l e l e s  
P g d ^  (whose monomers com bined in t o  a  homodimer w h ich  form ed th e  R^
g
0 . 2 2  band one) and Pgd^ (w hose monomers com bined in to  a homodimer 
w hich  form ed th e  R^ 0 .1 7  band one) and th e  r e c e s s iv e  a l l e l e  pgd^ (whose 
monomers la c k e d  d e t e c t a b l e  PGD a c t i v i t y ) .
T ype-5 zymograms had a  band one m o b i l i ty  o f  R^ 0 .1 7  ( l i k e  ty p e -2
g
zymograms) i n d i c a t i n g  th e  Pgd^ a l l e l e  was hom ozygous, b u t ban d s two 
and th r e e  had an a l t e r e d  m o b i l i ty  o f R^ 0 .2 5  and 0 .3 3  r e s p e c t i v e l y  (F ig  
u r e  13A ). From a c r o s s  o f  a  ty p e -5  p l a n t  w ith  a  ty p e -1  p la n t  (h a v in g  a 
band o n e , two and th r e e  m o b i l i ty  o f  0 .2 2 ,  0 .2 5  and 0 .2 9 ) ,  e ig h t  o r  
n in e  F2  zymogram ty p e s  w ere o b s e rv e d . The homozygous ty p e s  1, 2 , 5 
and 7 w ere o b se rv e d  w ith  a t  l e a s t  an a d d i t i o n a l  fo u r  and p o s s ib ly  f i v e  
( th e y  w ere n o t  ea sy  to  d i s t i n g u i s h )  h e te ro z y g o u s  zymogram ty p e s .  The 
number o f  F2  s e e d s  o b ta in e d  ( 2 2 ) was to o  l im i t e d  to  d e te rm in e  a  s i g ­
n i f i c a n t  r a t i o  o f  c l a s s e s .  However, th e  number o f  F2  zymogram ty p e s  
a s  w e l l  a s  th e  zymograms o b se rv e d  w ere c o n s i s t e n t  w ith  a m odel o f  two 
i n t e r a c t i n g  l o c i  b o th  s e g r e g a t in g  f o r  codom inan t m o b i l i ty  a l l e l e s .
I f  t h i s  h y p o th e s is  was c o r r e c t ,  th e  ty p e -1  w ith  ty p e -5  c r o s s  was a 
t y p i c a l  d ih y b r id ,  w hich  s e g r e g a te s  in  th e  F2  to  p ro d u c e  one d o u b le
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h e te ro z y g o u s  ty p e ,  f o u r  s i n g l e  h e te ro z y g o u s  ty p e s ,  and fo u r  homozygous 
p h e n o ty p e s . H owever, c o n s id e r in g  th e  sm a ll d i f f e r e n c e s  in  th e  m o b il­
i t i e s  o f  th e  fo u r  a l l e l e s  in v o lv e d , a l l  th e  c l a s s e s  ( p a r t i c u l a r l y  th e  
f i v e  h e te ro z y g o u s  ty p e s )  w ere  h a rd  to  d i s t i n g u i s h .  I f  th e  m o b i l i t i e s  
o f  ban d s one ( th e  Pgd^, hom odim er) and band two ( th e  p ro p o sed  in t e r l o c u s  
h e te ro d im e r )  w ere  ig n o re d  and th e s e  F£ se e d s  w ere  s c o re d  s im p ly  on th e  
b a s i s  o f  t h e i r  band t h r e e  m o b i l i t y ,  th e n  a 1 : 2 : 1  r a t i o  was o b ta in e d  
(T a b le  9 ) .  H e te ro z y g o te s  had b o th  th e  p a r e n t a l  bands (R^ 0 .2 9  and 0 .3 3 )  
and may a l s o  h av e  had a  new in te r m e d ia te - m ig r a t in g ,  i n t r a l o c u s  b an d , 
b u t  t h i s  band was n o t  d i s t i n c t  in  th e  g e l s  o b s e rv e d . T h is  second  v a r ­
i a b l e  PGD lo c u s  was d e s ig n a te d  w ^ t 1^ t *ie codom inan t a l l e l e s
Pgd 2 ^ (w hose monomers com bined in t o  a  homodimer w hich  form ed th e  
0 .3 3  band th r e e  and Pgd 2 m (whose monomers com bined in to  a homodimer 
w hich  form ed th e  R  ^ 0 .2 9  band t h r e e ) .
No i n h e r i t a n c e  d a t a  f o r  th e  ty p e -4  o r  ty p e - 6  zymograms was o b ta in e d ,  
b u t  th e y  w ere m ost l i k e l y  th e  r e s u l t  o f  a d d i t i o n a l  a l l e l e s ,  o r  a l l e l e  
c o m b in a tio n s  a t  th e  Pgd^ and Pgd2  l o c i .  T ype-4 zymograms had f a s t e r  
m ig ra t in g  bands o n e , two and th r e e  th a n  any o f  t h e  o th e r  zymogram 
ty p e s  d id ,  s u g g e s t in g  v e ry  f a s t  m o b i l i ty  a l l e l e s  w ere f ix e d  a t  b o th  
th e  Pgd^ and Pgd2  l o c i  ( t e n t a t i v e l y  d e s ig n a te d  Pgd^v and Pgd2 V) •
H owever, o th e r  e x p la n a t io n s  f o r  th e  g e n e t ic  c o n t r o l  o f  ty p e -4  zymo­
gram s w ere  p o s s i b l e .  Type - 6  zymograms had a s low  m ig ra t in g  band t h r e e  
(Rf  0 .2 6 )  and no v i s i b l e  bands one o r  tw o . I t  i s  s p e c u la te d  t h a t  th e  
ty p e - 6  zymograms a r e  p ro d u ced  when th e  pgd^ a l l e l e  ( n u l l  ty p e )  i s  
homozygous a t  th e  Pgd^ lo c u s ,  and a  new a l l e l e ,  t e n t a t i v e l y  d e s ig n a te d
g
Pgd0  , i s  homozygous a t  th e  Pgd lo c u s .  W hile one can  o n ly  s p e c u la te
2
on th e  p r e c i s e  g e n e t ic  c o n t r o l  o f  ty p e  4 and 6  zym ogram s, a l l  o f  th e
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PGD zymograms o b se rv e d  w ere  c o n s i s t e n t  w ith  e x p e c te d  v a r i a n t s  u n d e r 
th e  m odel o f  two i n t e r a c t i n g  l o c i  p ro d u c in g  bands o n e , two and th r e e .
The o b s e r v a t io n s  made o f  PGD zymograms in  d i f f e r e n t  t i s s u e  o r  
d e v e lo p m e n ta l s ta g e s  and i n  G^  c l a n d e s t in a  o r  J3. to m e n te l la  a l s o  
p ro v id e d  e v id e n c e  t h a t  ban d s o n e , two and t h r e e  w ere  th e  p ro d u c ts  o f 
two i n t e r a c t i n g  l o c i .  Band one was o n ly  a c t i v e  in  some t i s s u e s  o r  
d e v e lo p m e n ta l s t a g e s ,  band th r e e  was a c t i v e  in  a l l  sa m p le s , w h i le ,  a s  
e x p e c te d , band tw o, th e  p ro p o se d  in t e r l o c u s  h e te ro d im e r ,  was o n ly  
o b se rv e d  when b o th  bands one and th r e e  w ere p r e s e n t  (F ig u re  13B ). A 
number o f  m o b i l i t y  v a r i a n t s  f o r  b o th  ban d s one (P g d p  and band th r e e  
(Pgd£) w ere o b se rv e d  in  t h e  G^ . c l a n d e s t in a  and (3. to m e n te l la  p l a n t  
i n t r o d u c t io n s  exam ined , w i th  band two a lw ays in te r m e d ia te .
PGD h a s  b een  r e p o r te d  a s  h a v in g  p l a s t i d  and c y t o s o l - a s s o c i a t e d  
isozym es in  many p l a n t s  (Ernes and F o w le r , 1979; S c h n a r re n b e rg e r  e t  a l . ,  
1975; Simcox and D e n n is , 1 9 7 8 ). Soybeans a l s o  showed p l a s t i d -  and 
c y t o s o l - a s s o c i a t e d  iso z y m e s . PGD zymogram bands o n e , two and th r e e  
w ere c y to p la s m ic  a s  th e y  showed th e  g r e a t e s t  a c t i v i t y  in  s u p e r n a ta n t  
f r a c t i o n s  w ith  l i t t l e  a c t i v i t y  in  p a r t i c u l a t e  c e l l  f r a c t i o n s .  Bands 
one two and t h r e e  a l s o  w ere se e n  in  p o l l e n  l e a c h a t e ,  i n d i c a t i v e  o f  
c y to p la s m ic  a c t i v i t y  (Weeden and G o t t l i e b ,  1980b ). The bands p roduced  
by two i n t e r a c t i n g  l o c i  ( a s  h y p o th e s iz e d  f o r  bands o n e , two and th r e e )  
w ould b e  e x p e c te d  to  be  l o c a l i z e d  in  th e  same s u b c e l l u l a r  s i t e .  Bands 
f o u r ,  f i v e  and s i x  (F ig u re  13) w ere m ost l i k e l y  p l a s t i d - a s s o c i a t e d .
Band s i x  c l e a r l y  was m ost a c t i v e  in  p3 f r a c t i o n s  and was a b s e n t  from  
p o l l e n  l e a c h a t e ,  a s  e x p e c te d  o f  a  p l a s t i d - a s s o c i a t e d  isozym e. The r e ­
s u l t s  c o n c e rn in g  band fo u r  and f i v e  w ere  somewhat more am biguous, a s  
c e l l  f r a c t i o n a t i o n s  s u g g e s te d  an  a s s o c i a t i o n  w ith  p3 f r a c t i o n s ,  b u t
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t h e r e  was s t i l l  r e l a t i v e l y  s t r o n g  band fo u r  a c t i v i t y  in  s o lu b le  f r a c ­
t i o n s .  Band fo u r  was th e  s t r o n g e s t  o f  a l l  th e  PGD b a n d s , and w ith  th e  
r e l a t i v e l y  c ru d e  m ethods u sed  to  i d e n t i f y  s u b c e l l u l a r  a c t i v i t y  s i t e s  
(xjhich p ro b a b ly  b ro k e  some p l a s t i d s )  th e  o b s e r v a t io n  o f  band fo u r  
a c t i v i t y  in  s o lu b le  f r a c t i o n s  was n o t  to o  s u r p r i s i n g .  S c h n a r re n b e rg e r  
e t  a l . (1975) r e p o r te d  t h a t  th e  p l a s t i d - a s s o c i a t e d  PGD isozym e o f 
r a d i s h  s e e d s  in c re a s e d  a c t i v i t y  a f t e r  g e rm in a t io n ,  u l t i m a t e l y  a c c o u n t­
in g  f o r  a p p ro x im a te ly  40% o f  th e  t o t a l  PGD a c t i v i t y .  L ik e w is e , th e  G_. 
max and G^. so .ja  bands f i v e  and  s ix  w ere o n ly  v e ry  w eak ly  v i s u a l i z e d  
in  d ry  s e e d s ,  b u t g a in e d  i n t e n s i t y  soon a f t e r  g e rm in a t io n ,  w ith  band 
s i x  becom ing a  m a jo r band (F ig u re  13B ). Band f i v e  was a  weak band in  
a l l  t i s s u e s  and o n ly  seen  when b o th  bands fo u r  and s i x  w ere a c t i v e .
The p l a s t i d - a s s o c i a t e d  PGD isozym es o f  c a s t o r  b e a n s  (Sim cox and D e n n is , 
1980) and p e a s  (Ernes and F o w le r, 1979) w ere a l s o  found  to  have a  f a s t e r  
e l e c t r o p h o r e t i c  m ig r a t io n  r a t e  th a n  th e  c y t o s o l - a s s o c i a t e d  PGD i s o ­
zymes d id .
The p l a s t i d - a s s o c i a t e d  ban d s f o u r ,  f i v e  and s i x  w ere u n ifo rm  in  
a l l  c u l t i v a t e d  and w ild  so y b ean s  sam p les  exam ined e x c e p t in  th e  r a r e  
ty p e - 8  zymogram. Type - 8  zymograms had a s lo w e r m ig ra t in g  band fo u r  
th a n  d id  zymogram ty p e s  1 -7 , b u t  had th e  common 0 .2 2 ,  0 .2 5 ,  and 
0 .2 9  m ig r a t io n  r a t e s  f o r  bands o n e , two and th r e e  (F ig u re  13A ). T y p e - 8  
zymograms w ere f i r s t  d is c o v e re d  by Y .C .C h iang  in  one G. s o ja  a c c e s s io n  
w hich  I  a l s o  t e s t e d  p r i o r  and su b se q u e n t to  h e r  d is c o v e ry  (A ppendix  1 ) , 
Thus, I  have  in c lu d e d  my d a ta  c o n c e rn in g  ty p e - 8  zymograms in  t h i s  d i s ­
s e r t a t i o n  w h ile  o th e r  v a r i a n t  zymogram ty p e s ,  d is c o v e re d  by -C h ian g  
in  l i n e s  I  d id  n o t  t e s t ,  w ere n o t  u s e d .  Bands f o u r ,  f i v e  and s ix  
w ere u n ifo rm  in  G. to m e n te l la  a s  w e l l  a s  in  some (J. c l a n d e s t in a  p l a n t
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i n t r o d u c t i o n s ,  show ing th e  same m o b i l i ty  a s  o b se rv e d  in  ty p e  1-7 
G. max and J3. so .ja  (F ig u re  13C ). As in  jG. max and G_. s o ja  ban d s f i v e  
and s ix  becam e a c t i v e  a f t e r  g e rm in a tio n  in  some c l a n d e s t in a  and 
G . to m e n te l la  p l a n t  i n t r o d u c t i o n s ,  b u t o th e r s  had r e l a t i v e l y  s t r o n g  
bands in  m a tu re  s e e d s  p r i o r  to  g e rm in a t io n .  S e v e ra l  G^ . c l a n d e s t in a  
p l a n t  in t r o d u c t i o n s  had s lo w e r m ig ra t in g  ban d s f o u r ,  f i v e  and s i x  from  
th o s e  bands o b se rv e d  in  so y b e a n s . Band f i v e  was a lw ay s in te r m e d ia te  
betw een  ban d s fo u r  and s i x  in  m o b i l i ty  and o n ly  v i s u a l i z e d  when b o th  
bands fo u r  and s i x  w ere  a c t i v e .  T h e re  i s  no s e g r e g a t io n  d a ta  c o n c e rn in g  
th e  g e n e t ic  c o n t r o l  o f  ban d s f o u r ,  f i v e  and s i x ,  b u t th e  d i f f e r e n t  
s u b c e l l u l a r  a c t i v i t y  s i t e s  in d i c a te d  t h a t  th e y  w ere c o n t r o l l e d  by 
l o c i  o th e r  th a n  Pgd^ and Pgd£. The d i s t i n c t  i n t e n s i f i c a t i o n  o f  bands 
f i v e  and s i x  a f t e r  g e rm in a t io n ,  w h ile  band fo u r  rem ain ed  r e l a t i v e l y  
c o n s ta n t ,  s u g g e s te d  t h a t  t h e r e  w ere a t  l e a s t  two l o c i  c o n t r o l l i n g  
bands f o u r ,  f i v e  and s i x .  Band f i v e  may have b een  an i n t e r l o c u s  h e t e r o -  
i i - e r .  The lo c u s  w hich  d i s t i n g u i s h e s  ty p e - 8  zymograms from  ty p e s  
1 - 7  was t e n t a t i v e l y  d e s ig n a te d  w ith  ?gdg a l l e l e s  a p p a r e n t ly
a f f e c t i n g  th e  m o b i l i ty  o f  band f o u r .  G e n e tic  i n h e r i t a n c e  s tu d i e s  w ith  
th e  ty p e - 8  zymogram a r e  n eed ed  to  c o n f irm  th e  g e n e t ic  c o n t r o l  o f  
bands f o u r ,  f i v e  and s i x .
In  c o n c lu s io n ,  max and (?. s o ja  PGD zymograms w ere p o s tu la te d  
to  h ave  b een  th e  p ro d u c ts  o f  fo u r  l o c i .  The e v id e n c e  s u g g e s ts  t h a t  
two l o c i  p ro d u ced  th e  p l a s t i d - a s s o c i a t e d  ban d s f o u r ,  f i v e  and s i x ,  b u t 
o n ly  one o f  th e s e  l o c i  was found to  have a  r a r e ,  u n t e s t e d ,  v a r i a b l e  
a l l e l e  in  th e  c o l l e c t i v e  G_. max a nd (2. s o ja  germ plasm  exam ined (T ab le  
1 3 ). T h ere  w ere two PGD l o c i  w hich  p ro d u ced  th e  c y to s o l - a s s o c i a te d  
bands o n e , two and t h r e e .  The f i r s t  (Pgd^) was found to  have th r e e
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co n firm ed  and one h y p o th e s iz e d  a l l e l e s ,  w h ile  th e  second  was found 
to  have  two co n firm ed  and two h y p o th e s iz e d  a l l e l e s  in  th e  c o l l e c t i v e  
G. max and G_. so .ja  germ plasm  sc re e n e d  (T a b le  13) . The Pgd^ and Pgd 2  
l o c i  w ere r e l a t e d  a s  an  i n t e r l o c u s  h e te ro d im e r  was form ed be tw een  them , 
a s  w ere i n t r a l o c u s  h e te ro d im e rs  form ed be tw een  t h e i r  a l l e l e s .
P h csp h o g lu co se  Iso m e ra se
P h o sp h o g lu co se  iso m e ra se  (PGI) c a t a ly z e s  th e  fo llo w in g  s p e c i f i c ,
Mg4^r e v e r s i b l e  r e a c t i o n :  D -g lu c o s e - 6 -p h o s p h a te  frD - f r u c to s e - 6 -p h o s p h a te .
The fo rw ard  r e a c t io n  i s  a key s te p  in  g l y c o l y s i s ,  w h ile  th e  r e v e r s e  
r e a c t io n  f u n c t io n s  in  g lu c o n e o g e n e s is  in  p l a n t s  (L e h n in g e r , 19 8 2 ).
In  th e  g l y c o l y t i c ,  fo rw ard  r e a c t i o n ,  PGI a c t s  in  c o m p e ti t io n  w ith  
GPD f o r  g lu c o s e - 6 -p h o s p h a te .  GPD ( s e e  GPD s e c t io n )  f u n c t io n s  a s  th e  
f i r s t  and r a t e  c o n t r o l l i n g  enzyme in  th e  PPP pa th w ay , w h ile  th e  PGI 
enzyme g o v e rn s  e n t r a n c e  in t o  th e  g ly c o l y t i c  se q u e n c e . H owever, i t  i s  
n o t  th e  m ain  r e g u la to r  g o v e rn in g  th e  g l y c o l y t i c  flo w  r a t e  (Jo h n so n ,
1976; L e h n in g e r ,  19 8 2 ).
F our homozygous PGI zymogram ty p e s  h ave  been  o b se rv e d  in  th e  
266 G_. max and 124 CJ. s o ja  c u l t i v a r s  and p l a n t  in t r o d u c t io n s  t e s t e d  
(A ppendix  I ;  Gorman e t  a l . , 1983; K iang and Gorman, 19 8 3 ). Zymogram 
ty p e s  1, 2 and 3 a l l  had fo u r  a n o d a l b a n d s , b u t  d i f f e r e d  in  t h e i r  mo­
b i l i t y  o f  b o th  bands t h r e e  and fo u r  (R ^ 's  o f  0 .6 9  and 0 .5 7 ,  0 .6 4  and 
0 .5 4 , o r  0 .5 9  and 0 .5 2  r e s p e c t i v e l y ;  F ig u re  14A). T ype-4 zymograms 
la c k e d  b o th  bands t h r e e  and f o u r .  I t  i s  h y p o th e s iz e d  t h a t  th e  zymo­
gram d i f f e r e n c e s  a r e  t h e  co n seq u en ce  o f  a  s i n g l e  n u c le a r  lo c u s  w ith  
v a r i a b l e  a l l e l e s ,  and t h a t  th e  p ro d u c ts  o f  t h i s  v a r i a b l e  
lo c u s  and a  second  lo c u s  i n t e r a c t  t o  fo rm  a  f ix e d ,  t h r e e -  
b an d , h o m o -h e te ro d im er com plex . The monomers from  th e  v a r i a b l e  lo c u s
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Figure 14. PGI
A .) Zymogram ty p e s  o b se rv e d  in  PGI s t a in e d  g e l s ,  w here d ry  seed  
c o ty le d o n s  w ere u sed  a s  th e  sam ple  t i s s u e .  Bands two and fo u r  w ere th e  
l e a s t  in t e n s e  o f  th e  PGI b a n d s , and in  p r i n t i n g  t h i s  p i c t u r e  th e y
w ere g iv e n  a  lo n g e r  e x p o su re  to  c l e a r l y  d e m o n s tra te  t h e i r  p r e s e n c e .
The sym bols I f ,  lm and I s ,  u n d e r  th e  s u b u n i ts  h e a d in g , r e p r e s e n t  th e  
monomers p ro d u ced  by th e  P g i ^ ,  P g i^ m and P g i^ S a l l e l e s ,  r e s p e c t i v e l y .  
The num ber 2 r e p r e s e n t s  th e  monomer p ro d u c t  o f  an u n d e s ig n a te d  lo c u s  
w h ich  i n t e r a c t s  w ith  th e  P g i^  lo c u s .
B .) S ch em atic  d ia g ra m s o f  PGI zymograms o b se rv e d  when v a r io u s  
soybean  t i s s u e s  o r  d e v e lo p m e n ta l s ta g e s  w ere u sed  a s  s a m p le s . Only 
ty p e -1  zymograms a r e  shown. A ppendix I I  l i s t s  th e  d e s c r ip t i o n s  f o r  
each  o f  th e  a b b r e v ia t io n s  u s e d .
C .) S ch em atic  d ia g ra m s r p r e s e n t a t i v e  o f  zymograms (from  c o t ­
y le d o n s  sam pled  w i th in  24 h o u rs  a f t e r  s e e d s  began  to  im bibe w a te r )  
o b se rv e d  in  th e  d i f f e r e n t  G ly c in e  s p e c ie s  exam ined . C l, C2 and C3 a r e  
f o r  th e  d i f f e r e n t  zymogram ty p e s  o b se rv e d  in  c l a n d e s t in a  p l a n t  
i n t r o d u c t i o n s .  Ml r e p r e s e n t s  a  £ .  max ty p e -1  zymogram, w h ile  T1 and 
T2 r e p r e s e n t  th e  zymogram ty p e s  o b se rv e d  in  th e  <2. to m e n te l la  p l a n t  
in t r o d u c t i o n s  exam ined .
* The P g i^ m and p g i^  a l l e l e  sym bols u se d  in  th e  f i g u r e  a r e  t e n t a t i v e ,  
s in c e  th e s e  a l l e l s  w ere  n o t  co n firm ed  w ith  i n h e r i t a n c e  s t u d i e s .
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Figure 14. PGI
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combined to  p ro d u c e  t h e  f a s t e r  m i g r a t i n g  homodimer (band f o u r )  and 
c o n t r i b u t e d  t o  t h e  i n t e r m e d i a t e - m i g r a t i n g ,  i n t e r l o c u s  h e t e r o d im e r  
(band t h r e e ) . Band one was t h e  p ro d u c t  o f  two monomers from  th e  
second  l o c u s .  No v a r i a n t  f o r  t h i s  band h a s  been  o b s e rv e d ,  and h en ce  
no g e n e t i c  d a t a  w ere  o b t a i n e d .  W ith t h i s  m ode l,  any a l l e l e ,  a t  
e i t h e r  l o c u s ,  w hich  a f f e c t e d  band m o b i l i t y  o r  a c t i v i t y  would be  ex­
p e c te d  t o  a l t e r  th e  r e s p e c t i v e  homodimer a s  w e l l  a s  t h e  i n t e r l o c u s  
h e t e r o d im e r  (band t h r e e ) .  As p r e d i c t e d  w i th  t h i s  m ode l,  a 1 :2 :1  
s e g r e g a t i o n  r a t i o  was o b s e rv e d  in  c r o s s e s  be tw een  ty p e -1  and ty p e -3  
zymograms (T a b le  1 0 ) .  H e te ro z y g o te s  d i s p l a y e d  th e  p a r e n t a l  bands  a s  
w e l l  a s  a  new i n t r a l o c u s  h y b r id  d im er band (H -ty p e  in  F ig u r e  14A).
Only F 2  s e e d s  w i th  t h i s  H - ty p e  zymogram s e g r e g a t e d  i n  t h e  F^ , and 
t h e r e  was no d i f f e r e n c e  be tw een  r e c i p r o c a l  c r o s s e s .  The o b s e rv e d  s e g ­
r e g a t i o n  r a t i o  and h e t e ro z y g o u s  zymogram i n d i c a t e d  t h a t  . a l l  monomers 
from  b o th  l o c i  combined random ly  to  form a l l  e x p e c te d  i n t r a -  and
i n t e r l o c u s  d im e r s .  The v a r i a b l e  lo c u s  was d e s ig n a t e d  a s  P g i^  w i th
f  sth e  two g e n e t i c a l l y  co n f irm e d  a l l e l e s  d e s ig n a t e d  P g i^  and P g i^  . The
s fP g i j  a l l e l e  when homozygous p ro d u ced  th e  ty p e -3  zymogram and th e  P g i^
a l l e l e  when homozygous t h e  t y p e - 1 .  A lth o u g h  no s e g r e g a t i o n  d a t a  was ob­
t a i n e d  f o r  them, t h e  ty p e -2  and  ty p e -4  zymograms w ere  c o n s i s t e n t  w i th  
ex p e c te d  v a r i a n t s  u n d e r  t h i s  g e n e t i c  m ode l.  The ty p e -2  zymograms 
w ere  v e r y  l i k e l y  t h e  p r o d u c t  o f  a  t h i r d  codom inan t a l l e l e  a t  t h e  P g i  
l o c u s ,  t e n t a t i v e l y  d e s ig n a t e d  P g i j ”1. N u l l  o r  l o s s  o f  a c t i v i t y  v a r i a n t s  
a r e  u s u a l l y  i n h e r i t e d  a s  r e c e s s i v e s  ( P e i r c e  and Brew baker, 1973;
Gorman and K iang , 1978; Gorman e t  a l . ,  1 9 8 3 ) .  Thus, t h e  ty p e - 4  
zymograms w ere l i k e l y  p ro d u ced  by a r e c e s s i v e  a l l e l e  ( t e n t a t i v e l y  
d e s i g n a t e d  p g i^ )  a t  t h e  P g i^  l o c u s .
i
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Table 10. Inheritance of alleles at the Pgi^ locus.
C ro sse s
F2  s e e d s  and  F2 * 
p l a n t - p r o g e n i e s
F ,  s e e d s  from  H ty p e  
F2  p l a n t s
Zymogram ty p e s : 1 H 2 1 H 2
P g i^  G eno types : PgiT P R ?
P£i®
P g i
l £ i f  P f i i f  
p Rr  P g p P g T
H ark  X P i ' s  65 .549  & 
135.624 
Zymogram ty p e  1 X 2 14 * 31 13 39 62 37
P g i f / P g i f  X P g i S/ P g i S
W ells  X P I1 3 5 .6 2 4  
Zymogram ty p e  1 X 2 8 1 0 7
P g i f / P g i f  X P g i S/ P g i S
P I4 0 7 .3 0 2  X Beeson 
Zymogram ty p e  2 X 1 4 19 7
P g i S/ P g i S X P g i f / P g i f
T o t a l  o b s e rv e d : 26 60 27 39 62 37
2
X (e x p e c te d  1 :2 :1 )  = 0 .4 7  = n . s . 1 .48  = n1. s .* *
P i ' s  6 5 .5 4 9 ,  1 35 .624  and 407 .302  a r e  £ .  s o l a  p l a n t  i n t r o d u c t i o n s .
* F£ p l a n t - p r o g e n i e s  and F2  s e e d s  w ere  t h e  same e x c e p t  f o r  t h o s e  F2
s e e d s  n o t  g e r m in a te d ,  s i n c e  t h e  e l e c t r o p h o r e t i c  t e c h n iq u e  was non­
d e s t r u c t i v e  a l lo w in g  p ro g en y  t e s t s  on t h e  same F2  s e e d s .
** S i g n i f i c a n c e  was d e te rm in e d  a t  t h e  5% l e v e l ,  w i th  n . s .  e q u a l  t o  n o t  
s i g n i f i c a n t .
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PGI h a s  t e e n  r e p o r t e d  a s  h a v in g  p l a s t i d -  and c y t o s o l - a s s o c i a t e d  
isozym es i n  many p l a n t s  ( G o t t l i e b ,  1977; H e rb e r t  e t  a l . ,  1979; S c h n a r -  
r e n b e r g e r  and O e s t e r ,  1974; Simcox and D e n n is ,  1978; Weeden and G o t t l i e b ,  
1980a). The e v id e n c e  i n d i c a t e d  t h a t  t h e  second band i n  soybean  PGI 
zymograms was p l a s t i d t - a s s o c i a t e d .  I t s  i n t e n s i t y  was g r e a t l y  en h an c ­
ed i n  t h e  p3 c e l l  f r a c t i o n  and was n o t  l o s t  when t h i s  f r a c t i o n  was 
w ashed . The second  band a l s o  was se e n  w eakly  in  c ru s h e d  p o l l e n  g r a i n s ,  
b u t  was a b s e n t  from  p o l l e n  l e a c h a t e ,  a s  e x p e c te d  o f  p l a s t i d - a s s o c i a t e d  
isozym es (Weeden and G o t t l i e b ,  1980b) .  I n  a n a ly z in g  d ry  seed  c o t y l e d o n s ,  
no v a r i a n t s  w ere  found i n  G_. max o r  G_. so.ja f o r  t h e  second  band ; how­
e v e r ,  i t s  weak a c t i v i t y  made s c r e e n i n g  d i f f i c u l t .  The i n t e n s i t y  o f  
band two was weak i n  d ry  s e e d s ,  r o o t s ,  h y p o c o t y l s ,  e p i c o t y l s ,  and 
p o l l e n ,  a b s e n t  from  p o l l e n  l e a c h a t e ,  and s t r o n g e r  i n  g re e n  c o t y l e d o n s ,  
l e a v e s ,  and r o o t  n o d u le s  (F ig u r e  14B) . S c h n a r r e n b e rg e r  e t  a l .  (1975) 
r e p o r t e d  t h a t  t h e  p l a s t i d  PGI i n  r a d i s h  a c c o u n te d  f o r  a b o u t  15% o f  
t h e  t o t a l  PGI a c t i v i t y ,  e x c e p t  i n  u n g e rm in a te d  s e e d s ,  w hich had v e ry  
l i t t l e  p l a s t i d  a c t i v i t y .  Both c y to p la s m ic  and p l a s t i d  PGI isozym es 
have  been  o b s e rv e d  in  g r e e n  and n o n -g re e n  t i s s u e s  o f  o t h e r  p l a n t s  a s  
w e l l  ( G o t t l i e b ,  1982; Simcox and D e n n is ,  1978).  P l a s t i d - a s s o c i a t e d  
PGI isozym es hav e  been  found  to  b e  c o n t r o l l e d  by d i f f e r e n t  l o c i  
from  c y to p la s m ic  PGI isozym es ( G o t t l i e b ,  1982).  I t  i s  t h e r e f o r e  
h y p o th e s iz e d  t h a t  band two i s  t h e  p r o d u c t  o f  a  d i s t i n c t  PGI l o c u s .
The G . max and G^. s o j a  PGI zymogram bands  o n e ,  t h r e e  and f o u r  w ere 
c y to p la s m ic .  They showed g r e a t e r  a c t i v i t y  i n  s u p e r n a t a n t  f r a c t i o n s  
(s3  and s39) th a n  th e y  d id  i n  t h e  p3 o r  p39 f r a c t i o n s ,  and t h e i r  p a r t i c ­
u l a t e  a c t i v i t y  was weakened s u b s t a n t i a l l y  by w ash in g .  A l l  o f  t h e s e  
bands  a l s o  showed s t r o n g  a c t i v i t y  i n  p o l l e n  l e a c h a t e .  The common su b -
I
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c e l l u l a r  s i t e  o f  bands  o n e ,  two and t h r e e  was e x p e c te d  i f  th e y  w ere 
r e l a t e d  i n  a  h o m o -h e te ro d im er  com plex , a s  h y p o th e s i z e d .
The £ .  c l a n d e s t i n a  and t o m e n t e l l a  p l a n t  i n t r o d u c t i o n s  exam­
in e d  a l l  showed t h r e e  s t r o n g  bands  o f  PGI a c t i v i t y ,  w hich p ro b a b ly  
c o r re s p o n d e d  to  t h e  G_. max and G^. s o j a  c y to p la s m ic  bands  o n e ,  t h r e e  
and f o u r .  The p l a n t  i n t r o d u c t i o n s  w ere  po ly m o rp h ic  w i th  r e g a r d s  to
th e  m o b i l i t y  o f  t h e s e  t h r e e  s t r o n g  b a n d s ,  b u t  band t h r e e  t h e  p ro p o sed
i n t e r l o c u s  h e te r o d im e r  was a lw ays  i n t e r m e d i a t e  (F ig u re  14C). In  
a d d i t i o n ,  most o f  t h e  p l a n t  i n t r o d u c t i o n s  showed a  c l e a r ,  weak ban d ,  
w hich was p ro b a b ly  a n a lo g o u s  to  th e  jG. max and Q .  so.ja p l a s t i d  PGI 
isozym e (band tw o ) . Two o f  t h e  (?. t o m e n t e l l a  a c c e s s i o n s  had t h r e e
weak bands  and t h r e e  s t r o n g  b a n d s ,  s u g g e s t in g  t h a t  p e rh a p s  t h e  p l a s t i d
gene had d o u b le d  and was fo rm in g  an i n t e r l o c u s  d im e r .
A f i n a l  l i n e  o f  e v id e n c e  s u p p o r t in g  t h e  h y p o th e s i s  t h a t  bands 
one ,  two and t h r e e  w ere  r e l a t e d  i n  a  h o m o -h e te ro d im er  complex was 
p ro v id e d  by h e a t - s t a b i l i t y  s t u d i e s .  The PGI band one was found  to  be 
v e r y  h e a t  s t a b l e ,  band t h r e e  i n t e r m e d i a t e  and band f o u r  h e a t  l a b i l e .
I n  c o n c l u s i o n ,  i t  a p p e a re d  t h a t  t h e  JS. max and _G. s o j a  zymograms 
o b s e rv e d  w ere  t h e  p r o d u c t s  o f  t h r e e  PGI l o c i .  Of t h e  isozym es coded 
f o r ,  t h r e e  w ere  a c t i v e  i n  t h e  c y t o s o l  and one i n  p l a s t i d s .  Only one 
lo c u s  (P g i^ )  was found to  have  v a r i a n t  g e n e t i c  fo rm s ,  w i th  two con ­
f i rm e d  and two h y p o th e s i z e d  a l l e l e s  found in  t h e  c o l l e c t i v e  G^ . max 
and £ .  s o j a  germ plasm  t e s t e d  (T a b le  1 3 ) .
P hosphog lucom utase
P h osphog lucom utase  (PGM) isozym es c a t a l y z e  th e  f o l l o w in g  r e v e r s -




ward r e a c t i o n ' s  f u n c t i o n  i s  t h e  breakdown o f  s t a r c h  r e s e r v e s  i n  c a t ­
a b o l i s m ,  w h i le  t h e  r e v e r s e  r e a c t i o n  i s  an  im p o r ta n t  r e g u l a t o r y  s t e p  in  
g lu c o n e o g e n e s is  i n  p l a n t s  (L e h n ig e r ,  1982; Jo h n so n ,  1976).
Four homozygous PGM zymogram ty p e s  were o b s e rv e d  i n  t h e  403 G_. max 
and 125 .G. so.ja c u l t i v a r s  and p l a n t  i n t r o d u c t i o n s  t e s t e d  (A ppendix  I ;  
Gorman e t  a l . , 1982b, 1983; Kiang and Gorman, 1983 ) .  The d i f f e r e n c e s  
i n  zymogram ty p e s  w ere  d e l i n e a t e d  by two d i f f e r e n t  v a r i a n t s .  The f i r s t  
in v o lv e d  th e  m o b i l i t y  o f  PGM band one (F ig u r e  15A). Two homozygous 
zymograms (odd v s .  even-num bered  zymograms i n  F ig u r e  15A), h a v in g  e i t h e r  
a  band one  m o b i l i t y  o f  R^ 0 .5 4  o r  0 .5 1 ,  w ere  o b s e rv e d .  I t  i s  h y p o th ­
e s i z e d  t h a t  a  s i n g l e  n u c l e a r  lo c u s  w i th  two v a r i a b l e  codom inan t a l l e l e s  
i s  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e .  A 1 :2 :1  F^ s e g r e g a t i o n  r a t i o  was 
o b se rv e d  in  c r o s s e s  be tw een  t h e s e  two ty p e s  (T a b le  1 1 ) .  H e te ro z y g o te s  
d i s p l a y e d  a  zymogram (H - ty p e  in  F ig u re  15 ) i n  w hich  o n ly  t h e  p a r e n t a l ,  
0 .5 4  and 0 .5 1  bands  w ere  s e e n ,  w i th  t h e  l a c k  o f  any h y b r i d ,  i n t e r ­
m e d ia te  bands  i n d i c a t i n g  a  monomeric enzyme s t r u c t u r e .  PGM h a s  been  r e ­
p o r t e d  a s  a  monomer In  o t h e r  p l a n t s  a s  w e l l  (Adams and J o l y ,  1980;
Weeden and G o t t l i e b ,  1 9 8 0 a) .  Only t h e  H - ty p e  F2  s eeds  s e g r e g a t e d  in  
t h e 'F ^ .  The M ende lian  s e g r e g a t i o n  r a t i o  and th e  l a c k  o f  m a te r n a l  e f f e c t  
i n  r e c i p r o c a l  c r o s s e s  (T a b le  I I )  i n d i c a t e d  t h a t  t h e  v a r i a b l e  lo c u s  was
n u c l e a r .  The lo c u s  was d e s ig n a t e d  Pgm w i th  th e  codominarit a l l e l e s
1
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Pgm^ (p ro d u c in g  th e  R^ 0 .5 4  band) and Pgm^ (p ro d u c in g  t h e  R^ 0 .51  
b a n d ) .
The second  PGM e l e c t r o p h o r e t i c  v a r i a n t  had two homozygous zymo­
gram ty p e s  ( ty p e s  1 and 2 v s .  3 and 4 i n  F ig u r e  15A). The f i r s t  had 
a s t r o n g  band two (R^ 0 .6 9 )  and a  weak band t h r e e  (R^ 0 . 7 4 ) ,  w h i le  th e  
second  ty p e  la c k e d  band tw o, and had a  s t r o n g  band
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Figure 15. PGM;
A .) A p h o to g ra p h  and s c h e m a t ic  d ia g ra m s ,  i n  r e f e r e n c e  to  
R^, o f  t h e  PGM zymogram ty p e s  o b se rv e d  in  £ .  max and G_. so j  a . Dry 
se e d  c o ty le d o n s  w ere  u s e d  a s  t h e  sam ple f o r  a l l  t h e  zymograms shown. 
Band one was th e  l e a s t  i n t e n s e  o f  t h e  PGM b a n d s ,  and in  p r i n t i n g  t h i s  
p i c t u r e  i t  was g iv e n  a  lo n g e r  ex p o su re  to  c l e a r l y  d e m o n s t r a te  i t s  
p r e s e n c e .
B .) S ch em atic  d iag ram s  o f  PGM zymograms o b s e rv e d
when v a r io u s  soybean  t i s s u e s  o r  d e v e lo p m e n ta l  s t a g e s  w ere  u sed  as  
sam p le s .  Only ty p e -1  zymograms a r e  shown. A ppendix I I  l i s t s  t h e  
d e s c r i p t i o n s  f o r  each  o f  t h e  a b b r e v i a t i o n s  u s e d .
C .)  S ch em atic  d ia g ra m s  r e p r e s e n t a t i v e  o f  v a r io u s  zymograms 
(from  c o ty le d o n s  sam pled w i t h i n  24 h o u rs  a f t e r  s e e d s  began  to  im bibe 
w a te r )  o b s e rv e d  i n  t h e  d i f f e r e n t  G ly c in e  s p e c i e s  exam ined . Cl th ro u g h  
C5 a r e  f o r  t h e  d i f f e r e n t  zymogram ty p e s  o b s e rv e d  in  G^. c l a n d e s t i n a
p l a n t  i n t r o d u c t i o n s .  Ml r e p r e s n t s  a J3. max ty p e -1  zymogram, w h i le
Tl and T2 r e p r e s e n t  t h e  zymogram ty p e s  o b se rv e d  in  t h e  £ .  t o m e n te l l a  
p l a n t  i n t r o d u c t i o n s  exam ined .
s f  f  s* Because  o f  sp a c e  l i m i t a t i o n s ,  t h e  Pgm^ , Pgm^ , Pgn^ and Pgn^
a l l e l e s  w ere a b b r e v i a t e d  by u s in g  j u s t  t h e i r  s u p e r s c r i p t  l e t t e r s
f  and s .
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Figure 15. PGM
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Pgm^ Genotypes*: f / f -  f / f  s / s  f / s  s / s  f / f
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Table 11. In h er itan ce  o f  a l l e l e s  a t  th e  Pgm  ^ lo c u s .
C ro sse s
F£ s e e d s  and F2 * 
p l a n t - p r o g e n i e s
Fg s e e d s  from  H ty p e  
F2  p l a n t s
Zymogram ty p e s : 1 ,3 H 2 ,4 1 ,3 H 2 ,4
Pgm^ G eno types :
Pgm1f P g ® / PgmxS Pgm1f Pg®1f Pg* ! 8
Pgm1f PS* ! 8 Pg* ! 8 Pgm1f P g ® ^ P g ® ^
W ells  X P i ' s  423.990A & 
423 .988  
Zymogram ty p e  2 X 3 14 37 2 0 2 2 51 2 1
Pgm^/Pgm® X Pgm ^/Pgm ^
C h e s tn u t  X Amsoy 
Zymogram ty p e  2 X 1 5 6 4 32 55 28
Pgm^/Pgm® X Pgm ^/Pgm ^
Hark X PX65.549 
Zymogram t y p e  1 X 2 8 15 1 0 14 26 1 1
Pgm ^/Pgm ^ X Pgm^/Pgmj8
Amsoy X W ilson  
Zymogram t y p e  1 X 2 37 72 37 3 16 6
Pgm ^/Pgm ^ X P gm ^/Pgm 8
H i l l  X T145 
Zymogram t y p e  1 X 2 79 204 103
Pgm ^/Pgm ^ X Pgm^/Pgm® 
T o t a l  o b s e rv e d : 143 334 174 71 148 6 6
2
X (e x p e c te d  1 :2 :1 )  = 3 .6 5  - n . s . 0 .6 0  = n . s .* *
P i ' s  423 .990A , 4 23 .988  and 65 .5 4 9  a r e  £ .  so.ja p l a n t  i n t r o d u c t i o n s ,  
w hlleT145  i s  an  e x p e r im e n ta l  (5. max l i n e .
* F j  p l a n t - p r o g e n i e s  and s e e d s  w ere  t h e  same e x c e p t  f o r  t h o s e  F^
s e e d s  n o t  g e rm in a te d ,  s i n c e  t h e  e l e c t r o p h o r e t i c  t e c h n iq u e  was non­
d e s t r u c t i v e  a l lo w in g  p ro g en y  t e s t  on t h e  same F£ s e e d s .
** S i g n i f i c a n c e  was d e te rm in e d  a t  t h e  5% l e v e l ,  w i th  n . s .  e q u a l  to  n o t  
s i g n i f i c a n t .
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t h r e e .  I t  i s  h y p o th e s i z e d  t h a t  a  s i n g l e  n u c l e a r  lo c u s  w i th '  two 
v a r i a b l e  a l l e l e s  i s  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e .  C ro s se s  betw een 
ty p e  1 o r  2 p l a n t s  w i th  ty p e  3 o r  4 p l a n t s ,  showed a 1 :2 :1  r a t i o  in  
s e g r e g a t i n g  F2  and s e e d s  (T ab le  12 ) .  H e te ro z y g o te s  d i s p la y e d  a zy ­
mogram (E - ty p e  i n  F ig u r e  15A) i n  w hich b o th  bands two and t h r e e  w ere 
s e e n ,  b u t  band t h r e e  (R^ 0 .7 4 )  had t h e  g r e a t e r  i n t e n s i t y .  Only th o s e  
F2  s e e d s  showing t h e  H - ty p e  zymogram s e g r e g a t e d  in  t h e  F^. T here  was 
no d i f f e r e n c e  be tw een  r e c i p r o c a l  c r o s s e s .  T h is  s e g r e g a t i o n  p a t t e r n  
f i t s  a  M en d e lian  s i n g l e - l o c u s  p a t t e r n  w i th  no c y to p la s m ic  e f f e c t s .
The s e g r e g a t i n g  lo c u s  was d e s ig n a t e d  Pgn^; how ever, two i n t e r p r e t a t i o n s  
w ere p o s s i b l e  w i th  r e g a r d  to  t h e  ty p e  o f  a l l e l e s  s e g r e g a t i n g .  The sim ­
p l e s t  was t h a t  lo c u s  Pgn^ had two c o d o m in an t m o b i l i t y  a l l e l e s .  One 
p ro d u ced  t h e  no rm al band two w h i le  t h e  second  in c r e a s e d  t h e  m o b i l i t y  
o f  band two so t h a t  i t  c o r re s p o n d e d  in  m o b i l i t y  w i th  b&ncl t h r e e  (R^ 
0 . 7 4 ) .  T h is  would have  r e s u l t e d  i n  a s t r o n g  t h i r d  band and a n u l l  s e c ­
ond band in  s e e d s  homozygous f o r  t h e  f a s t  m o b i l i t y  a l l e l e ,  w h i le  in  
h e t e r o z y g o t e s  i t  s h o u ld  hav e  r e s u l t e d  in  t h e  t h i r d  band b e in g  somewhat 
s t r o n g e r ,  and th e  second  band somewhat w eaker ,  l i k e  th e  H - ty p e  zymogram. 
I f  t h e  s e g r e g a t i n g  a l l e l e s  a f f e c t e d  o n ly  th e  m o b i l i t y  o f  band two, th e n  
th e y  would be  e x p e c te d  to  show codom inant i n h e t i t a n c e ,  a s  was o b s e rv e d .  
I n  v e r y  lo n g  e l e c t r o p h o r e t i c  ru n s  t h e r e  was some i n d i c a t i o n  t h a t  
t h e  s t r o n g  t h i r d  band in  ty p e  3 , 4 o r  H zymograms a c t u a l l y  c o n s i s t e d  o f  
two b a n d s ,  b u t  t h e  d i f f e r e n c e  i n  s e p a r a t i o n  was so s m a l l  t h a t  t h e  i n t e r ­
p r e t a t i o n  o f  codom inan t m o b i l i t y  a l l e l e s  a t  lo c u s  Pgn^ c o u ld  n o t  be 
c o m p le te ly  a c c e p te d .
The second p o s s i b i l i t y  w i th  r e g a r d  to  t h e  ty p e s  o f  Pgmp a l l e l e s
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Table 12. In h eritan ce  o f a l l e l e s  a t th e Fgm  ^ lo c u s .
C ro s s e s
F2  s e e d s  and F2* 
p l a n t - p r o g e n i e s
F^ s e e d s  from  H ty p e  
F2  p l a n t s .
Zymogram ty p e s : I f  2 H . 3,4... 1 ,2  H 3 ,4
Pgm2  G eno types :
Pgm2m Pg*2m f g ~ 2 f
„  m _ m
Pgm2  Pgm2 Pgm2f
P g m / Pgm2f P s» 2f Pgm2m Pgm2^ p gm2f
W ells  X P i ' s  423.990A & 
423 .988  
Zymogram ty p e s  2 X 3 2 2 43 18 48 69 32
Pgm2m/Pgm “  X Pgm2f /Pgm2f
Amsoy X PI423.990A  
Zymogram ty p e  1 X 3 8 2 1 1 2 8  2 1 9
Pgm ®/Pgm“  X Pgm2f /Pgm2f
F I4 0 6 .6 8 4  X A73-109084 
Zymogram ty p e  4 X 1 1 0 2 2 6 18 36 2 2
Pgm2f /Pgm2f  X Pgm “ /Pgm™ 
T o t a l  o b s e rv e d : 40 8 6 36 74 126 63
X2  ( e x p e c te d  1 :2 : 1 ) * 0 .82  - n . s . 1 .48  = n ., s .* *
P i ' s  423.990A, 423 .988  and 4 0 6 .6 8 4  a r e  £ .  s o j a  p l a n t  i n t r o d u c t i o n s ,  
w h i l e  A73-109084 i s  a  £ .  max e x p e r im e n ta l  l i n e .
* F£ p l a n t - p r o g e n i e s  and  F2  s e e d s  w ere  th e  same e x c e p t  f o r  t h o s e  F2
s e e d s  n o t  g e rm in a te d ,  s i n c e  t h e  e l e c t r o p h o r e t i c  t e c h n iq u e  was non­
d e s t r u c t i v e  a l lo w in g  p ro g en y  t e s t  on t h e  same F2  s e e d s .
** S i g n i f i c a n c e  was d e te rm in e d  a t  t h e  5% l e v e l ,  w i th  n . s .  e q u a l  t o  n o t  
s i g n i f i c a n t .
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r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e  betw een ty p e  3 and 4 v s .  ty p e  1 and 2 
zymograms, was t h a t  n u l l  and f u n c t i o n a l  a l l e l e s  w ere  r e s p e c t i v e l y  homo­
z y g o u s .  N u l l  e l e c t r o p h o r e t i c  a l l e l e s  a r e  t y p i c a l l y  r e c e s s i v e ,  and i f  
s e e d s  w ere  s c o re d  s im p ly  f o r  t h e  p r e s e n c e  o r  a b s e n c e  o f  band two, ap p ro x ­
im a te ly  a  3 (w i th  band tw o ) :1  ( w i th o u t  band two) r a t i o  was o b s e rv e d .  W ith 
t h i s  second  i n t e r p r e t a t i o n  t h e  i n t e n s i t y  ch an g e s  o b s e rv e d  in v o l v in g  band 
t h r e e  (w hich t h e  e v id e n c e  o b ta in e d  i n d i c a t e d  was t h e  p r o d u c t  o f  a  s e p a r a t e  
lo c u s )  m ust be  e x p la in e d  by a common r e g u l a t o r y  mechanism f o r  b o th  th e  
l o c i  p ro d u c in g  bands  two and t h r e e .  T h a t  i s ,  when Pgn^ (band two) was 
l o s t  by  f i x a t i o n  o f  a n u l l  a l l e l e ,  p r o d u c t i o n  o f  t h e  band t h r e e  lo c u s  
would have  been  i n c r e a s e d .  A h y p o t h e t i c a l  model w here t h e  two l o c i  
w ere a c t i v a t e d  by a  common r e g u l a t o r  can  be e n v i s i o n e d .  The n u l l  Pgn^
w as, f o r  w h a te v e r  r e a s o n ,  no l o n g e r  a b l e  to  com pete f o r  t h i s  a c t i v a t o r ,
r e s u l t i n g  in  s u b s t a n t i a l l y  g r e a t e r  band t h r e e  p r o d u c t io n  in  Pgii^ n u l l  
hom ozygotes and i n  somewhat g r e a t e r  p r o d u c t i o n  i n  h e t e r o z y g o t e s ,  w h i le  
Pgn^ (band two) p r o d u c t i o n  would be l e s s  i n  t h e  h e te ro z y g f i t e s  th a n  in  
t h e  no rm al hom ozygotes .  However, t h e r e  i s  no e v id e n c e  to  s u p p o r t  t h i s  
m odel. W hile  t h i s  second  e x p l a n a t i o n  a c c o u n ts  f o r  a l l  t h e  o b s e r v a t i o n s  
made, i t  i s  n o t  an  e a s i l y  a c c e p t a b l e  e x p l a n a t i o n .  I  p r e f e r  t h e  s im p le r  
e x p l a n a t i o n  o f  codom inan t m o b i l i t y  a l l e l e s  a t  lo c u s  Pgm? . The v a r i a b l e  
Pgm^ a l l e l e s  w ere  t e n t a t i v e l y  d e s ig n a t e d  Pgm^f (w hich p roduced  th e  
ty p e  3 and 4 zymograms when homozygous) and Pgn^™ (w hich p roduced  th e
ty p e  2  and 1 zymograms when hom ozygous).
Locus Pgm^ and Pgn^ were found to  be in d e p e n d e n t  i n  l i n k a g e  t e s t s  
(T a b le  14 ) .
PGM h a s  been  r e p o r t e d  a s  h a v in g  isozym es s p e c i f i c  t o  t h e  c y t o s o l  
and p l a s t i d  c e l l  f r a c t i o n s  i n  s e v e r a l  p l a n t s  ( G o t t l i e b ,  1982; Muhlbach
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and S c h n a r r e n b e r g e r ,  1978; T ing  e t  a l . ,  1975; Weeden and G o t t l i e b ,
1980a) . Band one o f  t h e  JS. max and _G. so.ja PGM zymograms was a s s o c i a t ­
ed w i th  t h e  washed p3 f r a c t i o n ,  i n  w hich p l a s t i d s  would be e x p e c te d  to  
sed im en t i n  c e l l  f r a c t i o n a t i o n s .  In  a d d i t i o n ,  t h i s  band was n o t  
found in  p o l l e n  l e a c h a t e ,  b u t  was seen  w eakly  in  c ru sh e d  p o l l e n  g r a i n s ,  
a l s o  i n d i c a t i v e  o f  a  p l a s t i d - a s s o c i a t e d  isozym e (Weeden and G o t t l i e b ,
198 0 b ) . Bands two and t h r e e  w ere a s s o c i a t e d  w i th  t h e  s o l u b l e  c e l l  
f r a c t i o n s  (s3  and s39) and a l s o  w ere seen  in  p o l l e n  l e a c h a t e ,  i n d i c a t i v e
o f  c y to p la s m ic  iso zy m es .
I t  i s  h y p o th e s iz e d  t h a t  each  o f  t h e  t h r e e  o b s e rv e d  PGM bands  in  
soybeans  i s  t h e  p ro d u c t  o f  a  d i s t i n c t  l o c u s .  I n  exam ining  £ .  e l a n d e s t i n a  
and G ,t o m e n t e l l a  p l a n t  i n t r o d u c t i o n s ,  in d e p e n d e n t  m o b i l i t y  v a r i a n t s  
f o r  b o th  bands  two and t h r e e  ( t h e  c y to p la s m ic  ban d s ;  F ig u re  15C) was 
o b s e rv e d .  In d e p en d e n ce ,  In  t h i s  c a s e ,  r e f e r r i n g  n o t  t o  g e n e t i c  l i n k a g e ,  
b u t  r a t h e r  t o  t h e  o b s e r v a t i o n  t h a t  t h e  m o b i l i t y  o f  one band seemed un­
r e l a t e d  t o  t h e  m o b i l i t y  o f  t h e  o t h e r s ,  i n d i c a t i v e  o f  u n iq u e  g e n e t i c  
c o n t r o l .  M o b i l i t y  v a r i a n t s  f o r  t h e  p l a s t i d  isozym e (band o n e ) ,  and 
some p l a n t  i n t r o d u c t i o n s  w i th  two a p p a r e n t  p l a s t i d  bands  a l s o  w ere  ob­
s e r v e d .  In  a d d i t i o n ,  s u p p o r t in g  d a t a  f o r  t h e  id e a  t h a t  each  PGM band 
was t h e  p r o d u c t  o f  a  u n iq u e  lo c u s  w ere o b ta in e d  by lo o k in g  a t  th e  h e a t  
s t a b i l i t y  o f  t h e  isozym es and t h e i r  t i s s u e  d i s t r i b u t i o n  (F ig u re  15B). The 
t h i r d  band was found to  be  more h e a t  r e s i s t a n t  th a n  band two, an d ,  a l ­
though  bands  two and t h r e e  w ere o b se rv e d  in  a l l  t i s s u e s  and d e v e lo p m e n ta l  
s t a g e s ,  t h e i r  r e l a t i v e  i n t e n s i t i e s  v a r i e d  somewhat in d e p e n d e n t ly .
In  summary, t h e  e v id e n c e  i n d i c a t e d  t h a t  t h e  PGM zymograms o b se rv e d  
i n  G_. max and G^. so.ja w ere  th e  p r o d u c ts  o f  t h r e e  l o c i .  The t h r e e  
monomeric isozym es p ro d u ced  by t h e s e  l o c i  each  r e s u l t e d  in  a  d i s t i n c t
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zymogram band , two o f  w h ich  w ere  c y t o s o l - a s s o c i a t e d  and one p l a s t i d -
a s s o c i a t e d .  Two o f  t h e  t h r e e  l o c i  (Pgm^ and Pgnu,) were 
*
have  v a r i a n t  a l l e l e s  i n  t h e  c o l l e c t i v e  G_. max and _G. so.ja germplasm 
(T ab le  13 ) .
P e r o x id a s e
P e r o x id a s e s  a r e  heme enzymes w hich  c a t a l y z e  t h e  f o l lo w in g  o x id a ­
t i v e  r e a c t i o n :  P e r o x id a s e  + V complex
com plex + AHrj—> P e r o x id a s e  + T^O + A.
The s u b s t r a t e  (A l^) w h ich  can  be  o x id i z e d  by p e r o x id a s e  i n c lu d e  p h en -
o l i c s ,  cy toch rom e c ,  i n d o l e  a c e t i c  a c i d ,  and n i t r i t e ,  b u t  n o t  i*2 ® 2  i t ­
s e l f .  M u l t i p l e  p e r o x id a s e s  have  been  shown to  e x h i b i t  
d i f f e r e n t  a f f i n i t i e s  f o r  v a r i o u s  s u b s t r a t e s  (B rew baker,  197?) .
S c a n d a l io s  (1969) b e l i e v e d  t h a t  p e r o x id a s e  isozym es w ere  t h e  p r o d u c t s  
o f  many l o c i  and t h a t  p e r o x i d a s e s  p r o b a b ly  have  d i s t i n c t  f u n c t i o n s  
i n  v i v o ,  t u t  show o v e r l a p p in g  f u n c t i o n s  i n  v i t r o .
The p h y s i o l o g i c a l  f u n c t i o n  o f  p e r o x id a s e  i s  s t i l l  o b s c u r e ,  b u t  
numerous f u n c t i o n s  have  been  i m p l i c a t e d .  M anico l (1966) r e p o r t e d  
t h a t  p e r o x id a s e s  may be  in v o lv e d  w i th  such  d i v e r s e  f u n c t i o n s  a s  f a t t y  
a c i d  o x i d a t i o n ,  l i g n i f i c a t i o n ,  r e s p i r a t i o n  and breakdown o f  IAA. 
A d d i t i o n a l  p e r o x id a s e  zymogram bands  o r  i n c r e a s e d  band i n t e n s i t i e s ,  
o b se rv e d  upon v a r i o u s  p a th o g e n  i n f e c t i o n s ,  have  l e d  to  s p e c u l a t i o n  
t h a t  p e r o x id a s e  may a l s o  be  in v o lv e d  w i th  d i s e a s e  r e s i s t a n c e .  Ram araje
and D un lea ry  (1974) h av e  shown a  r e l a t i o n  betw een p e r o x id a s e  a c t i v i t y
i n  soybeans  and r e s i s t a n c e  t o  b a c t e r i a l  P u s t u l e . They f u r t h e r  showed 
t h a t  p e r o x id a s e  p r e p a r a t i o n s  from r e s i s t a n t  p l a n t s  had g r e a t e r  b a c t ­
e r i o c i d a l  a c t i v i t y .  B lo m q u is t  ejt a l .  (1973) s tu d i e d  t h e  r o l e  o f
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p e r o x id a s e  i n  l i g n i f i c a t i o n  and lo d g in g  in  so y b e a n s .  They s t a t e d  t h a t  
p e r o x id a s e  c a t a l y z e s  an im p o r ta n t  s t e p  i n  t h e  s h ik im ic  a c i d  pathway 
w hich  l e a d s  t o  t h e  p r o d u c t i o n  o f  l i g n i n .  They h y p o th e s iz e d  t h a t  p e r ­
o x id a s e  a c t i v i t y  may p l a y  an  im p o r ta n t  r o l e  i n  l i g n i n  f o r m a t io n ,  w i th  
h ig h  a c t i v i t y  r e s u l t i n g  i n  in c r e a s e d  l i g n i n  c o n t e n t  and re d u c e d  lo d g in g .
G e n e t ic  s t u d i e s  w i th  p e r o x id a s e  have  i n d i c a t e d  t h a t  p e r o x id a s e  i s  
a monomer in  p l a n t s  (Brew baker and Jo h n so n ,  1972; S c a n d a l io s ,  1969).
In  soybeans  B u t t e r y  and B u z z e l l  (1968) d i s c o v e r e d  t h a t  c u l t i v a r s  
c o u ld  b e  p la c e d  i n t o  two g ro u p s  d ep en d in g  on th e  p e r o x id a s e  a c t i v i t y  
o f  seed  c o a t s ,  w i th  78 t im e s  g r e a t e r  p e r o x id a s e  a c t i v i t y  i n  h ig h  ty p e s  
th a n  i n  low t y p e s .  B oth  Brim e t  a l .  (1969) and B u z z e l l  and B u t t e r y
(1969) c o n c lu d ed  t h a t  t h e  d i f f e r e n c e  was r e g u l a t o r y  and n o t  s t r u c t u r a l ,  
s i n c e  p e r o x id a s e  isozym es from  b o th  ty p e s  w ere  q u a l i t a t i v e l y  t h e  same. 
B u z z e l l  and B u t t e r y  (1969) f u r t h e r  d e m o n s t r a te d  t h a t  a  s i n g l e ,  dom inan t,  
m a t e r n a l l y - i n h e r i t e d ,  r e g u l a t o r y  a l l e l e ,  d e s ig n a t e d  Ep was r e s p o n s i b l e  
f o r  t h e  h ig h  a c t i v i t y  t y p e .  The JO. max and JO. so.ja  c u l t i v a r s  and p l a n t  
i n t r o d u c t i o n s  s t u d i e d  in  t h i s  d i s s e r t a t i o n  w ere  s c o re d  f o r  t h e  EP 
l o c u s ,  b u t  t h i s  d a t a  was n o t  u sed  in  e s t i m a t i n g  g e n e t i c  d i v e r s i t y .  I  
d id  n o t  u s e  t h i s  d a t a  b e c a u s e  Ep was r e g u l a t o r y  r a t h e r  th a n  s t r u c t u r a l  
and b e c a u se  I  had p r i o r  know ledge o f  i t s  po lym orphism  ( s e e  m a t e r i a l s  
and m ethods s e c t i o n ) .
Gorman (1976) found a  t o t a l  o f  20 p e r o x id a s e  zymogram bands in  
d i f f e r e n t  soybean  t i s s u e s ,  w h i le  Brim e t  a l .  (1969) o b se rv e d  21 b a n d s .  
T i s s u e s  w ere  each  found to  c o n t a i n  u n iq u e  isozym e com plem ents , w i th  
bands  g a in e d  and l o s t  d u r in g  d ev e lo p m en t .  No q u a l i t a t i v e  g e n e t i c  
zymogram v a r i a n t s  w ere o b s e rv e d .  In  d ry  seed  c o ty le d o n s  one c a t h o d a l
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m i g r a t i n g  p e r o x id a s e  band (band c -4 )  was o b se rv e d  n e a r  t h e  sam ple o r ­
i g i n  (Gorman, 1976).  T h is  was t h e  o n ly  p e r o x id a s e  isozym e s tu d i e d  
i n  t h i s  d i s s e r t a t i o n .  I t s  s h o r t  c a t h o d a l  m i g r a t i o n  f a c i l i t a t e d  e a s y  
s t a i n i n g ,  w i th  t h e  s m a l l  c a t h o d a l  s e c t i o n  o f  any g e l  s l i c e  a b l e  t o  be 
u sed  ( a l l  t h e  o t h e r  isozym es s t u d i e d  w ere a n o d a l ) . Band c - 4 ' s  u n iq u e  
d e v e lo p m e n ta l  e x p r e s s io n  p a t t e r n  and t h e  monomeric s t r u c t u r e  o f  p e ro x ­
i d a s e  s u g g e s te d  t h a t  band c -4  was t h e  p ro d u c t  o f  a  s i n g l e  l o c u s .  W hile 
q u a n t i t a t i v e  d i f f e r e n c e s  i n  band c - 4 ’ s i n t e n s i t y  w ere  o b se rv e d  (Gorman, 
1 9 7 6 ) ,  no q u a l i t a t i v e  g e n e t i c  v a r i a n t s  w ere  o b s e rv e d  in  t h e  >
GL max o r  G. s o l a  c u l t i v a r s  and p l a n t  i n t r o d u c t i o n s  w hich w ere  
s c r e e n e d .  However, G . c l a n d e s t i n a  p l a n t  i n t r o d u c t i o n s  w ere  p o ly m o rp h ic ,  
h a v in g  f a s t  and slow  m i g r a t i n g  c -4  b a n d s .
In  summary, o n ly  one p e r o x id a s e  l o c i  was s c re e n e d  i n  t h e  c o l l e c t i v e  
G . max and s o j a  germ plasm  and was found to  be  monomorphic (T a b le  1 3 ) .
T e t r a z o l iu m  O x idase
Any enzyme c a p a b le  o f  p r e v e n t in g  t h e  s p o n ta n e o u s  r e d u c t i o n  o f  
n i t r o - b l u e  t e t r a z o l i u m  c h l o r i d e  a t  37C, pH 9 .0  was c l a s s i f i e d  a s  a 
t e t r a z o l i u m  o x id a s e  (TO). T e t r a z o l iu m  c h l o r i d e  i s  n o t  a n a t u r a l  
compound, and an unknown number o f  n o n - s p e c i f i c  o x i d a t i v e  enzymes 
may be  in c lu d e d  in  t h e  TO a c t i v i t y  g ro u p .  In  i c y b e a r s  a t  l e a s t  two 
p e r o x id a s e  l o c i  a l s o  hav e  TO a c t i v i t y  (L a rse n  and B eeson , 1970;
Gorman and K iang , 1977).
L a rso n  and Beeson (1970) f i r s t  r e p o r t e d  d i f f e r e n t  TO (IN T -o x id a se )  
zymogram ty p e s  i n  soybeans  and Gorman and Kiang (1977, 1978) s u b se ­
q u e n t ly  r e p o r t e d  a d d i t i o n a l  t y p e s ,  a s  w e l l  a s  a  g e n e t i c  model to  
e x p l a i n  t h e  g e n e t i c  c o n t r o l  o f  t h e s e  zymogram t y p e s .  T hree  homozygous 
zymogram ty p e s  w ere r e p o r t e d  by Gorman and K iang (1 9 7 7 ) ,  w i th  up to
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11 bands  o b s e rv e d  i n  d r y  seed  c o t y le d o n s .  Many a d d i t i o n a l  TO bands 
w ere  o b s e rv e d  i n  c o ty le d o n s  a f t e r  g e rm in a t io n  and i n  o t h e r  t i s s u e s .
Only th e  s im p le r  TO zymograms o b se rv e d  in  d ry  seed  c o ty le d o n s  w ere 
s t u d i e d .  The t h r e e  homozygous zymogram ty p e s  w ere  d e l i n e a t e d  by two 
d i f f e r e n t  TO zymogram v a r i a n t s .  The f i r s t  in v o lv e d  th e  m o b i l i t y  o f  
two f a s t  m i g r a t i n g  (R^ g r e a t e r  th a n  0 . 8 ) bands  (bands n i n e  and t e n  a s  
r e p o r t e d  by Gorman and K iang ,  1977, 1978' and Gorman e t  a l . ,  1982b).  
Zymograms w hich  had s low  and f a s t  m i g r a t i n g  bands  w ere  o b s e rv e d .  No 
i n h e r i t a n c e  d a t a  was c o l l e c t e d  c o n c e rn in g  t h e  g e n e t i c  d i f f e r e n c e  betw een 
t h e s e  t y p e s .  T hese  v a r i a b l e  b a n d s ,  a s  w e l l  a s  two o t h e r  f a s t  m i g r a t i n g  
TO zymogram bands  (bands  e i g h t  and e le v e n  a s  r e p o r t e d  by Gorman and 
K iang , 1977, 1978 and Gorman e t  a l . ,  1982b),  w ere d i f f i c u l t  to  v i s u a l ­
i z e  b e c a u se  o f  t h e i r  f a s t  and t h e i r  weak s t a i n i n g  i n t e n s i t y .  T h is  
was p a r t i c u l a r l y  t r u e  when g e l s  w ere  s l i c e d  and s t a i n e d  f o r  many en ­
zymes, a s  t h e  f a s t  m i g r a t i n g  TO bands w ere  u s u a l l y  l o s t  w i th  t h e  l e n g t h  
o f  e l e c t r o p h o r e t i c  r u n s  r e q u i r e d  t o  a d e q u a te ly  s e p a r a t e  o t h e r  ty p e s  o f  
isozym es .  Thus, I  have  n o t  a t t e m p te d  to  s tu d y  t h e s e  weak, f a s t  m i g r a t ­
in g  TO isozym es in  t h i s  d i s s e r t a t i o n .  L a rso n  and Beeson (1970) r e p o r t e d  
t h a t  th e  seed  c o a t  p e r o x id a s e  isozym es (Ep lo c u s )  a l s o  w ere  v i s u a l i z e d  
on g e l s  s t a i n e d  f o r  TO a s  band f o u r  (F ig u r e  16A). TO zymogram bands 
one and two g e n e r a l l y  w ere  weak and b l u r r y  making s c r e e n in g  f o r  v a r ­
i a n t s  d i f f i c u l t .  I  have  t h e r e f o r e  o n ly  in c lu d e d  t h e  l o c i  w hich  p r o ­
duced TO zymogram bands  t h r e e ,  f i v e ,  s i x  and seven  (F ig u r e  IF ) in  
my e s t i m a t e s  o f  g e n e t i c  d i v e r s i t y  f o r  G_. max and G^. s o . ja .
The second  TO zymogram v a r i a n t  r e p o r t e d  by L a rso n  and Beeson
(1970) and Gorman and K iang (1977, 1978) in v o lv e d  th e  p r e s e n c e  ( ty p e - 1 )
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Figure 16. TO:
A .) A p h o to g r a p h ,  i n  r e f e r e n c e  t o  Rf , o f  t h e  two TO zymo­
gram ty p e s  o b s e rv e d  in  CJ. max and G^. so j  a . Dry seed  c o ty le d o n s  were 
u sed  a s  t h e  sa m p le s .  The numbers u n d e r  t h e  s u b u n i t s  h e a d in g  r e f e r  
to  t h e  h y p o t h e t i c a l  monomer s t r u c t u r e  o f  t h e  o b s e rv e d  TO zymogram 
b a n d s .  The number 4 monomer b e in g  th e  p ro d u c t  o f  t h e  To^ lo c u s  and
5 b e in g  t h e  monomer o f  t h e  lo c u s  w h ich  i n t e r a c t s  w i th  To^.
B .)  S ch em atic  d ia g ra m s  o f  t h e  TO zymograms (from  c o ty ­
le d o n s  sam pled w i t h i n  24 h o u rs  a f t e r  s e e d s  began  to  im bibe w a te r )  
o b s e rv e d  i n  t h e  d i f f e r e n t  G ly c in e  s p e c i e s  exam ined . C l ,  C2 and C3 
a r e  f o r  t h e  d i f f e r e n t  zymogram ty p e s  o b se rv e d  i n  £ .  c l a n d e s t i n a  p l a n t  
i n t r o d u c t i o n s .  Ml and M2 a r e  t h e  G_. max ty p e  1 and 2 zymograms, i n ­
c lu d e d  f o r  r e f e r e n c e ,  w h i l e  T1 r e p r e s e n t s  t h e  o n ly  zymogram ty p e  
o b se rv e d  i n  t h e  G^ . t o m e n t e l l a  p l a n t  i n t r o d u c t i o n s  exam ined .
* B ecause  o f  sp a c e  l i m i t a t i o n s ,  t h e  To^ and to ^  a l l e l e s  w ere  a b b r e ­
v i a t e d  w i th  t h e  l e t t e r s  T and t  r e s p e c t i v e l y .
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Figure 16. TO
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o r  ab se n c e  ( ty p e - 2 )  o f  bands  f i v e  and s i x  ( F ig u r e  16A). Gorman and 
Kiang (1978) r e p o r t e d  t h a t  t h e  d i f f e r e n c e  be tw een  ty p e -1  and ty p e -2  
zymograms was c o n t r o l l e d  by a  s i n g l e  n u c l e a r  lo c u s  (To^) w i th  dom inant 
(To^, c o n d i t i o n i n g  t h e  p r e s e n c e  o f  bands  f i v e  and s ix )  and r e c e s s i v e  
( t o ^ , c o n d i t i o n i n g  t h e  a b s e n c e  o f  bands  f i v e  and s ix )  a l l e l e s .  They 
f u r t h e r  su g g e s te d  t h a t  TO zymogram bands f i v e ,  s i x  and sev en  w ere th e  
p r o d u c ts  o f  two i n t e r a c t i n g  l o c i ,  w hich formed two homodimers (bands 
f i v e  and seven) and one i n t e r l o c u s  h e t e r o d im e r  (band s i x ) .
I  have  been, a b l e  to  somewhat im prove t h e  TO zymogram g e n e t i c  
model r e p o r t e d  by Gorman and K iang (1 9 7 8 ) ,  w i th  t h e  a d d i t i o n  o f  e x p e r ­
im en ts  w hich d e te rm in e d  t h e  s u b c e l l u l a r  l o c a l i z a t i o n  o f  TO isozym es 
and w i th  o b s e r v a t i o n s  o f  TO zymograms in  o t h e r  G ly c in e  s p e c i e s .  How­
e v e r ,  no new zymogram ty p e s  w ere  o b s e rv e d  in  t h e  403 G_. max o r  ..the 
104 G_. s o j a  c u l t i v a r s  and p l a n t  i n t r o d u c t i o n s  w hich w ere s c re e n e d  
(Appendix I ) . Bands one and two w ere found to  be s t r o n g e s t  i n  p39 
c e l l  f r a c t i o n s  even  a f t e r  w ash in g ,  s u g g e s t in g  t h a t  th e y  w ere m i to ­
c h o n d r i a l - a s s o c i a t e d .  Bands t h r e e ,  f i v e ,  s i x  and seven  w ere o b se rv e d  
p r i m a r i l y  i n  s u p e r n a t a n t  c e l l  f r a c t i o n s ,  w i th  t h e i r  weak p a r t i c u l a t e  
a c t i v i t y  f u r t h e r  re d u c e d  by w ash in g .  T h is  i n d i c a t e d  t h a t  bands  t h r e e ,  
f i v e ,  s i x  and sev en  w ere  c y t c s o l - a s s o c i a t e d . The d i f f e r e n t  s u b c e l l ­
u l a r  s i t e  o f  bands  one and two i n d i c a t e d  t h a t  th e y  w ere t h e  p ro d u c t s  
o f  l o c i  d i f f e r e n t  from  t h o s e  w hich  p roduced  bands  t h r e e ,  f i v e ,  s i x  and 
s e v e n .  One o r  two u n s c re e n e d  ( t h o s e  g e l s  w here band one and two r e ­
s o l u t i o n  was good have  been  monomorphic) TO l o c i  w ere  h y p o th e s iz e d  a s  
p ro d u c in g  bands one and tw o . Eand t h r e e  was a l s o  i n v a r i a n t  i n  a l l  
2 . ' max and .G. so.ja sam p les  t e s t e d ,  b u t  t h e  C5. c l a n d e s t i n a  p l a n t  
i n t r o d u c t i o n s  s tu d i e d  w ere  p o ly m o rp h ic  f o r  v a r i a n t s  h a v in g  e i t h e r  th e
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same m i g r a t i o n  r a t e  f o r  band t h r e e  a s  G_. max and (3. s o j a  o r  a f a s t e r  
m i g r a t i n g  band t h r e e  (F ig u r e  16B ). Only th e  m i g r a t i o n  r a t e  o f  band 
t h r e e  and n o t  any o f  t h e  o t h e r  TO bands  was a f f e c t e d .  Band t h r e e  
was t h e r e f o r e  h y p o th e s iz e d  to  be c o n t r o l l e d  by a s e p a r a t e ,  monomorphic 
( i n  C. max and G_. so .ja ) l o c u s .  Gorman and K ian g ’ s (1978) h y p o th e s i s  
t h a t  bands f i v e ,  s i x  and seven  w ere th e  p ro d u c t s  o f  two r e l a t e d  l o c i ,  
i n t e r a c t i n g  to  form  a  th r e e - b a n d ,  homo- h e te ro d im e r  com plex, was su p ­
p o r t e d  by th e  f i n d i n g  t h a t  t h e  (3. c l a n d e s t i n a  p l a n t  i n t r o d u c t i o n s  t e s t e d  
a l l  bad th e  norm al band f i v e ,  b u t  w ere  po ly m o rp h ic  f o r  t h e  p r e s e n c e  o r  
a b se n c e  o f  b o th  bands s i x  and s e v e n .  I f  band s i x  was an  i n t e r l o c u s  
h e t e r o d im e r ,  a s  p ro p o s e d ,  th e n  any v a r i a n t s  a f f e c t i n g  e i t h e r  band f i v e  
o r  band seven  sh o u ld  a l s o  a f f e c t  band s i x ,  a s  o b s e rv e d .
I n  c o n c l u s i o n ,  TO zymograms r e p r e s e n t e d  t h e  a c t i v i t i e s  o f  m u l t i p l e ,  
o x i d a t i v e  enzymes, i n c l u d i n g  p e r o x id a s e .  Only t h e  l o c i  w hich  p roduced  
f o u r  o f  t h e  bands m ost v i s i b l y  a c t i v e  in  d ry  seed  c o t y l e d o n s ,  w ere  i n ­
c lu d e d  f o r  g e n e t i c  d i v e r s i t y  e s t i m a t e s  i n  t h i s  d i s s e r t a t i o n .  These  
bands w ere  t h e  p r o d u c t s  o f  t h r e e  TO l o c i ,  o f  w hich o n ly  one (To^) 
was found to  have  v a r i a n t  g e n e t i c  form s in  t h e  c o l l e c t i v e  (3. max and 
G . so.ja germplasm t e s t e d  (T ab le  13) . I t  was found to  have  two co n f irm ed  
a l l e l e s .
T ab le  13. Summary o f  a l l  th e zymogram g e n e t i c  m ode ls .
No.
Enzyme G_
o f  L oci 
. max
. S creened  
£ .  so_1 a
No. o f  V ar­
i a b l e  L oc i A l l e l e s  a t  th e  V a r ia b l e  L oc i
ADH 4-5 4-5 2 Adh, adh , Adh, adh, 1 1 4 4
Amylase 3 3 3 * n . n . f  . s Am^  am^ Am  ^ am^ Am  ^ Am^
. sw n Am^  am^
AP 3-4 3-4 1 Apa Apk Ap° ApV*
Dia 5-6 5-6 4 D ix d i x D i2f  D i2S D i3  d i 3  Di4  ■
GPD 1 - 2 1 - 2 1 § Gpd gpd
GOT 2 2 1 Got^* G otS*
IDH 4 4 3 I d h 1f  I d h j 8  Id h 2f  Id h 2S Id h 3 S 
Id h 3m Id h 3f
LAP 2 1 2 ' L a p j f  Lap^S L a p ^ *  Lap2* l a p 2*
MDH 4 4 0
HP I 1 1 1 Mpi^ Mpim MpiS MpiV* mpi*
PGD 4 4 3 Pgdxf  Pgdj® P g d J *  pgd 1 Pgd2f  
Pgd2m Pgd2S* Pgd2V* Pgd3f * Pgd,
PGI 3 3 1 P g i f  P g iS P g im* pg i*
PGM 3 3 2 „ f  „ s  „ f  _ m Pgm^ Pgm^ Pgm2  Pgm2
P e ro x id a s e 1 1 0
TO 3 3 1 To. to .  4 4
§ The v a r i a b l e  GPD lo c u s  may be r e g u l a t o r y  r a t h e r  th a n  s t r u c t u r a l .
* These a l l e l e  symbols r e p r e s e n t  o n ly  h y p o th e s iz e d  a l l e l e s ,  which have 
n o t  been  con f irm ed  w i th  i n h e r i t a n c e  s t u d i e s .
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L inkage  A n a ly s i s
Only s i n c e  t h e  1 9 4 0 's  have  soybeans  become im p o r ta n t  i n  w e s te rn  
a g r i c u l t u r e .  C o n s e q u e n t ly ,  r e l a t i v e  t o  o t h e r  c r o p s ,  l i t t l e  i s  u n d e r ­
s to o d  o f  t h e i r  g e n e t i c s .  Soybeans a r e  p ro b a b ly  th e  l e a s t  w e l l  c h a r a c t ­
e r i z e d  o f  t h e  m a jo r  c ro p  s p e c i e s  i n  te rm s  o f  l i n k a g e  m apping . A l­
though  th e  soybean  h a s  2 0  chromosome p a i r s  and th u s  2 0  l i n k a g e  g ro u p s ,  
o n ly  11 l i n k a g e  g ro u p s  hav e  been  i n d e n t i f i e d  to  d a t e .  Seven l i n k a g e  
g ro u p s  w ere summarized by B ernard  and W eiss (1 9 7 3 ) .  S t e l l y  and Palm er 
(1977) and Palm er and K aul (1983) d e s c r ib e d  an e i g h t h  g ro u p .  A 
n i n t h  group was d e s ig n a t e d  by H ild e b ra n d  jat_ al_. (1 9 8 0 ) ,  a t e n t h  
by K i le n  and B a r r e n t i n e  (1 9 8 3 ) ,  and an e l e v e n t h  by D evine e t  a l .
(1 9 8 3 b ) .  The e le v e n  l i n k a g e  g ro u p s  a r e  s t i l l  v e r y  in c o m p le te ,  and 
o n ly  two g ro u p s  have  been  a s s o c i a t e d  w i th  s p e c i f i c  chromosomes 
(Palm er and H eer ,  1 9 8 2 ) .
Gene mapping i s  im p o r ta n t  f o r  g a in in g  th e  u n d e r s t a n d in g  o f  gene 
a c t i o n  and i n t e r a c t i o n  n e c e s s a r y  f o r  soybean  im provem ent. A m ajo r 
o b s t a c l e  to  gene  m apping in  soybeans  h a s  been  th e  l a c k  o f  d i s c r e t e  
m arke r  l o c i .  The 22 g e n e t i c a l l y  co n f irm ed  isozym e l o c i  d e s c r ib e d  
i n  t h i s  d i s s e r t a t i o n ,  o r  p r e v i o u s l y  r e p o r t e d  (Gorman and K iang , 1978; 
K iang , 1981; Gorman e t  a l . 1983; Kiang and Gorman, 1983) r e p r e s e n t  
a p p ro x im a te ly  a  25% i n c r e a s e  i n  t h e  i d e n t i f i e d  q u a l i t a t i v e  l o c i  in  
soybeans  (80 g e n e t i c  m a rk e r  l o c i  w ere r e p o r t e d  in  t h e  USDA g e n e t i c  
c o l l e c t i o n ;  A ppendix , Soybean G e n e t ic s  N e w s l e t t e r ,  1976 ) .
The p r o b a b l i l i t y  o f  a  l i n k a g e  e x i s t i n g  betw een any two l o c i  
chosen  a t  random i s  one chance  in  20 . To enhance  th e  p r o b a b i l i t y  
o f  d e t e c t i n g  l i n k a g e  among 2 0  chromosome p a i r s  i t  would be d e s i r a b l e  
to  e v a l u a t e  a  l a r g e  number o f  l o c i  in  p a r t i c u l a r  c r o s s e s .  The
n o n - d e s t r u c t i v e  p r o c e s s  o f  t h e  e l e c t r o p h o r e t i c  a n a l y s i s  p e r m i t s  i n ­
d i v i d u a l  F2  p rogeny  p l a n t s  to  be c h a r a c t e r i z e d  f o r  b o th  b io c h e m ic a l  
and w hole p l a n t  t r a i t s .  Thus, t h e  a v a i l a b l e  l i n k a g e  in f o r m a t io n  on 
m o rp h o lo g ic a l  t r a i t s  can  be e a s i l y  i n t e g r a t e d  w i th  t h e  new ly emerg­
in g  b io c h e m ic a l  g e n e t i c  map (D evine ^ t  a l . , 1 9 83a) .  Such i n t e g r a t i o n  
w i l l  p e rm i t  a  s i g n i f i c a n t  advance  in  ou r  know ledge o f  t h e  soybean  
g e n e t i c  map. The power o f  t h e  e l e c t r o p h o r e t i c  a n a l y s i s  t o  e f f i c i e n t l y  
s tu d y  a  m u l t i p l i c i t y  o f  b io c h e m ic a l  l o c i  m ark ed ly  en h an ces  t h e  p r o ­
b a b i l i t y  o f  d e t e c t i n g  rem o te  e v e n t s  such a s  l i n k a g e .
T a b le  14 l i s t s  t h e  l i n k a g e  d a t a  a ssem b led  f o r  95 isozym e 
gene  p a i r s .  T a b le  15 l i s t s  t h e  c r o s s e s  u se d  and t h e i r  s o u r c e s .
B ecause o f  t im e  and sp a c e  l i m i t a t i o n s ,  l i n k a g e  r e l a t i o n s h i p s  betw een 
isozym e and m o r p h o lo g ic a l  l o c i  w ere  n o t  i n v e s t i g a t e d ,  e x c e p t  f o r  
a c o o p e r a t i v e  s tu d y  w i th  D r. T .E . D evine  (USDA A g r i c u l t u r a l  R e s e a rc h  
C e n te r ,  B e l t s v i l l e ) . T h is  s tu d y  co n ce rn ed  th e  l i n k a g e  r e l a t i o n s h i p s  
be tw een  f o u r  e l e c t r o p h o r e t i c  l o c i  and two m o rp h o lo g ic a l  l o c i ,  w i th  
no l i n k a g e  r e l a t i o n s h i p s  found (D evine e t  a l . ,  1983a).  Not enough 
d a t a  w ere  c o l l e c t e d  to  c o n c l u s i v e l y  e l i m i n a t e  weak l i n k a g e  r e l a t i o n ­
s h ip s  f o r  a l l  95 gene p a i r s ,  b u t  medium to  t i g h t  l i n k a g e s  s h o u ld  have  
been  d e t e c t e d .  Ten o f  t h e  p a i r s  w ere  found to  have  a  r e c o m b in a t io n
f re q u e n c y  ( c a l c u l a t e d  by t h e  p ro d u c t  m ethod, limner and H enderson ,  1943) 
more th a n  one s t a n d a r d  e r r o r  below  0 . 5 .  The 0 .5  r e c o m b in a t io n  f r e q u e n c y  
i s  e x p e c te d  f o r  n o n - l i n k e d  gene  p a i r s  (and l i n k e d  gene p a i r s  w i th  map 
d i s t a n c e s  e q u a l  to  o r  g r e a t e r  th a n  50 c e n t im o r g a n s ) , w h i le  l i n k e d  
gene p a i r s  w i l l  h av e  a  r e c o m b in a t io n  f r e q u e n c y  below  0 . 5 .  I n c r e a s i n g l y
t i g h t e r  l i n k a g e s  w i l l  g iv e  s m a l l e r  f r e q u e n c i e s .  A c l o s e r  e x a m in a t io n
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P a i r  
: B P hase




S e g re g a t io n  
Locus A x 2
S e g re g a t io n  
Locus B x 2
Recomb. 
F r a c t i o n S .E . C ro sse s
: Adh. 
4
C 315 3 6 1 2 2 318 : 128 3 .25 321 : 125 2 .17 . 0 2 . 0 1 A,B
R 53 14 1 0 6
: Am_ 126 : 37 0 .47 116 : 47 1.28 .51 .06 A,D,E
0 C 41 18 1 2 Q
R 60 25 15 8
: D i. 145 : 38 1 .75 129 : 54 1.99 .55 .05 B,C,D,F1 C 40 2 0 14 1
R 49 16 1 0 9
: Gpd 1 2 0  : 31 1.61 109 : 42 0 .63 .50 .06 C,D ,E,F
C 43 1 2 7 5
: I d h j R 45 13 8 2 58 : 1 0 3 .84 53 : 15 0 .32 .48 .09 C
: Id h 2 C 61 18 1 2 4 79 : 16 3 .37 73 : 2 2 0.17 .49 .08 B,C
: l d h 3 C 52 13 1 2 8 65 : 2 0 0 .09 64 : 2 1 0 . 0 1 .37 .07 D ,E ,F
R 46 18 14 6
: Lap 1 64 : 2 0 0 .07 60 : 24 0 .57 .50 .07 B,D,E,FX C 17 4 4 1
: Mpi R 59 19 15 2 78 : 17 2 .56 74 : 2 1 0 .43 .38 .09 B,C
R 14 4 6 4
: Ap 82 : 35 1.51 83 : 34 1 .03 .55 .07 b , g , h ,T  T V
C 43 2 1 2 0 5 1 , J ,K
R 2 0 0 58 60 25
Di 304 : 1 0 0 0 . 0 1 303 : 1 0 1 0 . 0 0 .55 .04 C jDyGfL






































P a i r  
: B P hase
P h e n o ty p ic  C la s s  
A B C D
S e g re g a t io n  
Locus A x2
S e g re g a t io n  
Locus B
2  Recomb.
X F r a c t i o n S .E . C ro sse s












234 : 76 0.04 2 2 1  : 89 2 .28 .46 .04 Cjl)|E jGL,K,M
Am3 : I d h j R 194 80 56 28 274 : 84 0 .45 250 : 108 5.09* .52 .04
C ,G ,H ,I
J ,K ,L ,M
Am3 : Id h 2 C 177 42 54 15 219 : 69 0 .08 231 : 57 4 .16* .48 .04 C,L,M
Am3 : Id h 3 C 205 81 64 28 286 : 92 0 .09 269 : 109 2 .96 .48 .04
D ,E ,F ,G
I .K .L
Am3 : Lap^ R 254 98 8 8 17 352 : 105 1 . 1 1 342 : 115 0 . 0 1 .41 .04 B,D,L,M












237 : 6 6 1.67 227 : 76 0 . 0 1 .51 .04
H ,I ,K
L,M











83 : 28 0 . 0 1 87 : 24 0 . 6 8 .50 .07 G ,H ,I











81 : 31 0 .43 89 : 23 1.19 .47 .07 B,G,0
P,Q
Ap : D i2 R 16 4 3 2 2 0  : 5 0 .33 19 : 6 0 . 0 1 .55 .14 B




Gene P a i r  P h en o ty p ic  C la s s  S e g re g a t io n  2










R 24 6 1 2 4
Gpd
C 17 7 8 1
R 65 37 32 7
Id h .
C 19 4 5 3
I d h 2 R 32 1 2 7 4
R 29 7 13 1
I d h ,
C 53 1 0 15 6
L apj R 64 24 30 2
R 27 3 8 3
Mpi
C 2 2 7 1 0 2
R 49 2 0 18 5
Pgd,
C 32 7 7 3
R 41 13 13 4
P g i ,
C 18 6 5 1
R 49 16 13 1 0
Pgm,



















S e g re g a t io n  ~ Recomb.
Locus B X F r a c t i o n  S .E . C ro sse s
61 : 18 0 .21  .55  .08 G ,H ,I ,
K,Q
121 : 51 2 .0  .36 .06 G ,H ,IJ ,K ,P
39 : 16 1 .94 .55  .09 B,R
110 : 24 3 .6  .38 .06 I ,K , 0 ,Q,R,S
94 : 26 0 .71  .29 .08 B Ui
67 : 15 1.97 .55 .08 B ,0 ,S ,T
106 : 35 0 .01  .44 ,06 J , 0 , P ,Q,S,T
87 : 24 0 .68  .53 .08 J ,0 ,R ,S




Gene P a i r
A : B Phase A B C D Locus A X
R 58 2 0 26 6
Ap : Pgm0 103 : 42 1 . 2 1Z. C 2 2 3 8 2
D 1 1
: D i2 C 74 33 16 8 107 : 24 3 .11
R 75 26 19 5
D il : D i , 117 : 30 1.65X C 1 2 4 5 1
D 1 1
: Gpd C 153 57 65 15 2 1 0  : 80 1.03
R 89 28 31 14
D i l : Id h . 163 : 59 0 .291 1 C 31 15 8 6
R 175 45 42 15
D i 1
: I d h , 320 : 108 0 . 0 1L. C 1 1 0 40 40 1 1
D i.
1
: I d h 3 R 157 38 48 13 195 : 61 0 .19
D i i : Lap^ C 195 64 62 2 2 259 : 84 0 .06
R 43 1 0 16 5
Di : Mpi 172 : 52 0 .29
1 C 95 24 25 6
D i, : Pgd C 113 29 31 9 142 : 40 0 . 8 8
S e g re g a t io n  2  Recomb.
Locus B X F r a c t i o n  S .E .  C ro sse s
114 : 31 1.01 .44 .06 G ,H ,I ,P
90 : 41 2 .77  .49 .06 U,v
111 : 36 0 .02  .47 .06 Q,U,V
*
C,E,F218 : 72 0 .01  .55  .05 G,L,Q
159 : 63 1 .35  .52 .05 C,G,L,P
317 : 111 0 .1 9  .53 .04 B,C,L
Ln
205 : 51 3 .52  .51 .05 D ,F ,L ,0Q,U,V
257 : 8 6  0 .01  .49  .04 B ,F ,L
179 : 45 2 .9 3  .52 .05 ®»y»°




Gene P a i r  P h e n o ty p ic  C la s s  S e g re g a t io n  2  S e g re g a t io n  2  Recomb.
A : B Phase  A B C D Locus A X Locus B X F r a c t i o n  S .E . C ro sse s
D il : Pgm^ C 141 44 47 14 185 : 61 0 . 0 1 188 : 58 0 .27 .51 .05 C ,L ,0 ,Q
D 1 1 • p em 2 C 36 1 0 1 0 1 46 : 1 1 0.54 46 : 1 1 0 .54 .55 . 1 1 B,P
D 1 2
: D i3 R 6 6 2 2 31 9 8 8  : 40 2 .67 97 : 31 0 .04 .48 .07 U,V
D i 2
: Gpd C 54 18 25 9 72 : 36 4 .53* 79 : 27 0 . 0 1 .49 .07 E,M
R 8 4 6 3
Di : Id h . 78 : 41 5 .68* 8 6  : 33 0 .48 .46 .07 M,W
z. 1 C 50 16 2 2 1 0
D i2 : I d h 2 R 90 24 37 9 114 : 46 1 . 2 0 127 : 33 1.63 .51 .06 M,W
D i 2
: I d h 3 R 167 41 67 18 208 : 85 2 .51 234 : 59 3 .69 .51 .04 E,M,U,V




C 142 54 70 1 0 196 : 80 1 .73 2 1 2  : 64 0 .48 .55 .04 M.U.V
D i2 : Pgdj R 72 15 31 8 87 : 37 4 .08* 103 : 23 1.91 .53 .07 U,V,W
R 3 1 3 1
Di2 : Pgm. 85 : 37 2 .55 94 : 32 0 . 0 1 .51 .07 M,WZ 1 C 60 2 1 28 9
Di3 : i d h j R 35 8 15 2 43 : 17 0 .36 50 : 1 0 2 .23 .55 .09 X
D i3 : Id h 2 R 30 13 1 1 6 43 : 17 0 .36 41 : 19 1.42 .53 .09 X
D i3 : I d h 3 C 106 2 2 35 8 128 : 43 0 . 0 1 141 : 30 5 .06* .48 .06 u ,v ,x




Gene P a i r  P h en o ty p ic  C la s s  S e g re g a t io n  2
Locus A XA : B P hase A B C D
D i3 : Pgdj R 97 24 30 5
D i3 : Pgm^ R 15 9 8 4
R 48 19 17 2
Gpd :Id h x
C 77 31 27 1 0
R 1 2 0 35 46 1 0
Gpd : Id h 2
C 55 15 16 4
R 165 53 50 15
Gpd : Id h 3
C 16 3 3 1
Gpd : Lap^ C 126 45 45 18
R 25 5 8 3
Gpd : Mpi
C 312 91 104 31
Gpd : Pgdx C 236 70 72 23
Gpd 7 Pgm! C 278 97 96 37
Gpd : Pg® 2 R 23 5 1 0 2
Gpd : t o 4 C 1 0 5 3 3
Id h j : Id h 3 R 1 2 2 36 39 14
121 : 35 0 .55
24 : 12 1.33
175 : 56 0 .07
225 : 76 0 .01
237 : 69 0 .99
171 : 63 0 .49
436 : 146 0 .01
306 : 95 0 .37
395 : 133 0 .01
28 : 12 0 .53
15 : 6  0 .15
158 : 53 0 .01
as
S egrega t ion  
Locus B x 2
Recomb. 
F r a c t i o n S .E . C ro sse s
127 : 29 3 .41 .45 .06 U,V,X
23 : 13 2 .38 .47 .13 X
169 : 62 0 .41 .46 .05 B,C,L,M
237 : 64 2 .24 .48 .04 C,M
234 : 72 0 .35 .48 .04 E ,F ,K ,L,M,Q
171 : 63 0 .49 .48 .05 D,E,FL,M
449 : 130 2 . 0 0 .55 .03 C.M.Y
308 : 93 0 .69 .49 .04 B,Y
394 : 134 0 .04 .49 .03 b , m, q , y
33 : 7 1 . 2 0 .49 . 1 2 B*H, I
13 : 8 1.92 .41 .15 C





Gene P a i r  P h en o ty p ic  C la ss  S e g re g a tio n  -  S e g re g a t io n  - Recomb.
A : B P hase A B C D Locus A X Locus B X F r a c t io n S .E . C ro sse s
R 157 47 52 15
Id h j : Id h . 260 : 87 0 .9 0 265 : 92 0 . 1 0 .52 .04 C,M,N,Xz C 40 16 16 4
Idh^ : L ap 1 C 185 53 70 42 238 : 1 1 2 9.17** 255 : 95 0 .8 5 .40 .04 L,M,Z
Id h x : Mpi C 1 2 0 31 37 7 151 : 44 0 .61 157 : 38 3 .1 6 .54 .06 C,M,X
Id h L sP g d j C 61 2 2 19 6 83 : 25 0 . 2 0 80 : 28 0 .0 5 .52 .07 J,P ,W ,X











205 : 75 0 .4 8 2 0 2  : 78 1 . 2 2 .51 .05 C ,H ,I ,L ,K,M,W,X










93 : 38 1 . 1 2 1 0 2  : 29 0 .57 .51 .07 G .H .I .P




















Id h - : Mpi 184 : 61 0 . 0 1 193 : 52 1 . 8 6 .49 .05 B,C,M,Xz C 27 5 14 1
Id h 2 : P gdj C 28 9 14 2 37 : 16 0 .7 6 42 : 1 1 0 .51 .55 . 1 1 W,X


















P a i r  P h e n o ty p ic  C la ss  S e g re g a tio n  2  S e g re g a tio n  2  Recomb.
: B P hase  A B C D Locus A X Locus B X B ract io n  S .E . C ro sse s
R 150 56 38 10 „ T „
C 2 2 1 1 1 1 3
239 : 62 3 .1 1 2 2 1  : 80 0 .4 0 .47 .05 C,L,MW,X
L ap j R 153 53 69 2 1 206 : 90 4 .60* 2 2 2  : 74 0 . 0 0 .48 .05 E,F,L ,M
Mpi R 183 38 46 1 2 2 2 1  : 58 2 .63 229 : 50 7 .46* .53 .04 0,M,UV,X
R 135 31 25 1 0 166 : 35 6 .17* 160 : 41 2 .15 .55 .06 0,Q ,UV,X












238 : 74 0 .27 229 : 83 0 .4 3 .51 .04 i *k , l , m,0,Q,X












85 : 28 0 . 0 1 85 : 28 0 . 0 1 .55 .07 B,M
Pgmx C 171 51 61 15 2 2 2  : 76 0 .06 232 : 6 6 1 .29 .53 .04 L,M
Pgdj R 235 70 65 19 305 : 89 1 . 2 2 310 : 84 2 .8 5 .50 .04













385 : 107 2.77 353 : 139 2 .7 7 .45 .03 M ,0 ,S ,T,X,Y




Gene P a i r  P h en o ty p ic  C la ss  S e g re g a t io n  _ S e g re g a tio n  0 Recomb.
A : B P hase A B C D Locus A X Locus B x" F r a c t io n S .E . C ro sse s
R 15 8 3 2
Pgd, : Pgm. 347 : 102 1 .25 320 : 129 3 .3 3 .50 .04 P» Q > S ,V V1 1 C 233 91 69 28 A , X
P g iL : Pgmj C 23 14 9 3 37 : 12 0 .0 3 32 : 17 2 .4 6 .55 . 1 1 0 ,S
R 39 1 0 2 0 2
Pgm. : Pgm, 55 : 27 2 .7 4 6 8  : 14 2 .74 .39 .09 H .I .P
C 5 1 4 1
C and R, u n d er th e  p h ase  h e a d in g , r e f e r  to  c o u p lin g  and r e p u ls io n .  The A p h e n o ty p ic  c l a s s  r e f e r s  
to  th e  d o u b le  dom inant p h en o ty p e , th e  B to  th e  dom inant p h eno type  a t  lo c u s  A and th e  r e c e s s iv e  
a t  lo c u s  B, th e  C to  th e  r e c e s s iv e  a t  lo c u s  A and dom inant a t  lo c u s  B, and th e  D to  th e  r e c e s s iv e  
p h en o ty p es  a t  b o th  l o c i .  The l e t t e r s  u n d e r th e  c r o s s e s  h ead in g  r e f e r  to  th e  c r o s s e s  from  w hich 
th e  d a ta  was o b ta in e d .  The p a r t i c u l a r  c r o s s e s  a r e  l i s t e d  on T ab le  15.
* A s i g n i f i c a n t  d e v ia t io n  a t  th e  .05  l e v e l .
** A s i g n i f i c a n t  d e v ia t io n  a t  th e  .01 l e v e l .
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Table is. List of crosses used for linkage analysis.
C ro sse s P ro d u c e r  o f  F j Seeds
A. Beeson X G ran t M.B. Gorman
B. A73-25050 X P I4 0 7 .1 9 5 R.G. P alm er
C. Cayuga X Evans Y.C. C hiang
D. L in d a r in  X N orredo Y .T . K iang
E. L in d a r in  X W ilson Y.T. K iang
F. N orredo  X L in d a r in Y .T. K iang
G* Amsoy X P I423.990A R.G. P alm er
H. W ells  X P I423.990A R.G. P alm er
I . W ells  X P I4 2 3 .9 8 8 R.G. P alm er
J . W ells  X P I1 3 5 .6 2 4 R.G. Palm er
K. P I4 0 7 .2 9 6  X W ells R.G. Palm er
L. Amsoy X N orredo Y .T . K iang
M. Amsoy X W ilson Y .T. K iang
N. C h e s tn u t X Amsoy Y .T. K iang
0 . H ark X P I1 3 5 .6 2 4 R.G. P alm er
P. P I4 0 6 .6 8 4  X A73-19084 R.G. P alm er
Q. Bragg X P I4 0 7 .2 7 2 R.G. P alm er
R. P I4 0 7 .3 0 2  X B eeson R.G. P alm er
S. H ark X P I6 5 .5 4 9 R.G. P alm er
T. P I4 0 7 .2 9 1  X H ark R.G. P alm er
U. K in g s to n  X E lto n Y .T. K iang &
V. E lto n  X K in g s to n Y .T . K iang &
W. A gate  X K in g s to n Y .T . K iang &
X. A gate X E l to n Y .T . K iang &
Y. H i l l  X T145 T .E . D evine
Z. N orredo  X Wayne Y .T . K iang
A ll  o f  th e  P i ' s  a r e  £ .  s o ja  p l a n t  i n t r o d u c t i o n s ,  w h ile  A 73-25050, 
A73-19084 and T145 a r e  e x p e r im e n ta l  G. max l i n e s .
Gene
A
P a i r  
: B
X2 ( 3 : l )  
Locus A
X2 ( 3 : l )  
Locus B
X2 ( 9 : 3 : 3 : ])  
Locus A & B
P ro d u c t Method 
7o Recomb. S .E .
Recomb. % C a lc u la te d  
by Form ula A . f o r  
Codom inant A l le l e s C o n c lu sio n
Adhj :A dh4 3 .2 5 2 .1 9 484.0** 2 1 % — L inked
Adht 5 Id h 3 0 .0 9 0 . 0 1 3 .2 5 37 7% - P o s s ib le
Adhj : Mpi 2 .5 6 0 .4 3 3 .71 38 9% 38 P o s s ib le
Am^ : L apj 1 . 1 1 0 . 0 1 6 .55* 41 4% 54 U n lik e ly
Ap : Id h x 0 .4 9 2 . 0 0 6.34* 3 6 .5 6 % 44 P o s s ib le
Ap : Id h 3 0 .0 9 3 .6 0 3 .57 38 6 % 34 P o s s ib le
Ap : Lapx 0 .17 0 .71 13.9** 29 8 % 29 L inked
Id h j : L apj 9.17** 0 .8 5 21.9** 40 4% 45 P o s s ib le
Id h j : P g i, 0 . 0 0 0 .1 9 2 .4 6 31 1 1 % 17 P o s s ib le
Pgdj : P g ix 0 .2 8 0 . 1 2 42 .8** 2 1 4% 25 L inked
Form ula A: R ecom bination  f re q u e n c y  = Z K  +  1 - ( Z f 7 >
2
Where and f  a r e  th e  f r e q u e n c ie s  o f  th e  d o u b le  homozygous reco m b in an t and p a r e n t a l  gen .
* S ig n i f i c a n t  d e v ia t io n  a t  th e  .1  l e v e l .




































calculated to see if the observed two loci segregation pattern was
s i g n i f i c a n t l y  d i f f e r e n t  from  th e  9 :3 :3 :1  r a t i o  e x p e c te d  w ith  n o n - l i n -
ked gene p a i r s .  Four o f  th e  p a i r s  t e s t e d  had a s i g n i f i c a n t  d e v ia t io n
a t  th e  1 % l e v e l ,  and two had d e v ia t io n s  a t  t h e  1 0 % l e v e l .
2
W hile a  s i g n i f i c a n t  X t e s t  r e s u l t  i s  a  c o n f irm a tio n  o f  l i n k a g e ,
n o n - s ig n i f i c a n t  r e s u l t s  can  b e  o b ta in e d  f o r  l in k e d  p a i r s  i f  sam ple
s i z e  i s  to o  s m a l l .  T h is  may be  th e  c a s e  w ith  th e  A d h ^ Id h g ,
A d h ^ :P g i^ , and Id h ^ :P g i^  gene p a i r s ,  a s  r e l a t i v e l y  sm a ll am ounts o f
s e g r e g a t io n  d a ta  w ere a v a i l a b l e  f o r  th e s e  p a i r s .  The Id h ^ L a p ^  gene
2
p a i r  had a  h ig h ly  s i g n i f i c a n t  X d e v ia t io n  from  an in d e p e n d e n t s e g ­
r e g a t io n  r a t i o ,  b u t  th e  c o n c lu s iv e n e s s  o f  t h i s  t e s t  in  t h i s  c a s e  was 
c lo u d ed  by th e  f a c t  t h a t  th e  Idh^ lo c u s  had a  s i g n i f i c a n t l y  abnorm al 
s in g l e  lo c u s  s e g r e g a t io n  in  th e  p a r t i c u l a r  c r o s s e s  s tu d ie d .  The
re a s o n  f o r  t h i s  abno rm al r a t i o  i s  u n c l e a r ,  ch an ce  d e v ia t io n s  o r
p o s s ib le  m i s c l a s s i f i c a t i o n  o f  th e  zymogram ty p e s  c o u ld  h av e  o c c u r r e d .  
For th e  codom inan t a l l e l e s  s tu d ie d ,  re c o m b in a t io n  p e rc e n ta g e s  w ere 
c a l c u la te d  by an a l t e r n a t i v e  m ethod . The sum o f  th e  s q u a re  r o o t s  
o f  th e  f r e q u e n c ie s  o f  th e  two d o u b le  homozygous reco m b in an t p h e n o ty p ic  
c l a s s e s  w ere a v e ra g e d  w ith  th e  sum o f  th e  s q u a re  r o o t s  o f  th e  two 
d o u b le  homozygous p a r e n t a l  ty p e s ,  s u b t r a c te d  from  o n e . To form  e i t h e r  
o f  th e  d o u b le  homozygous ty p e s  r e q u i r e s  two reco m b in an t o r  two p a r e n t a l  
g am etes , t h e r e f o r e  th e  f r e q u e n c ie s  o f  th e s e  gam etes can  b e  o b ta in e d  
by ta k in g  th e  s q u a re  r o o t  o f  th e  f r e q u e n c ie s  o f  th e  d o u b le  homozygous 
c l a s s e s .  S in c e  th e r e  a r e  two reco m b in a n t gam ete ty p e s  and two p a r e n t a l  
ty p e s ,  and s in c e  th e  p a r e n t a l  and rec o m b in a n t f r e q u e n c ie s  m ust sum 
to  o n e , th e  re c o m b in a t io n  fre q u e n c y  can  be  e s t im a te d  by a v e ra g in g
/
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th e  sum o f  th e  f r e q u e n c ie s  o f  t h e  re c o m b in a n t g am e te s , w ith  one m inus 
th e  sum o f  th e  p a r e n t a l  g am e te s . T h is  m ethod i s  m ore s e n s i t i v e  
th a n  th e  p ro d u c t m ethod , s in c e  gam ete f r e q u e n c ie s  a r e  b e in g  d i r e c t l y  
e s t im a te d ,  r a t h e r  th a n  e s t im a te d  from  a  r a t i o  o f  p h e n o ty p ic  c l a s s e s .  
T ab le  16 in d i c a t e s  th e  fo rm u la  u s e d .  R eco m b in a tio n  p e rc e n ta g e s  
c a l c u la te d  by th e  two m ethods m atched  re a s o n a b ly  w e ll  e x c e p t f o r  th e  
Am^JLapj p a i r  f o r  w h ich  th e  p ro d u c t m ethod in d ic a te d  a  re c o m b in a tio n
p e rc e n ta g e  o f  41 -  4 , w h ile  th e  second  m ethod in d i c a te d  in d e p e n d e n c e .
2
S in c e  th e  X t e s t  f o r  in d e p e n d e n t s e g r e g a t io n  was n o t s i g n i f i c a n t  
( a t  th e  5% o r  lo w er l e v e l ) ,  t h i s  gene p a i r  i s  n o t  l i k e l y  l i n k e d .
The c o n c lu s io n s  draw n from  th e  a v a i l a b l e  d a ta  w ere t h a t  t h r e e  
o f  th e  p a i r s ;  Adh^:Adh^ (Gorman and K iang , 1 9 7 8 ), ApiLap^ and P g d ^ :P g i^  
w ere l i n k e d ,  w ith  s i x  o th e r  p a i r s  p o s s ib ly  l in k e d  (T a b le  1 6 ) . Add­
i t i o n a l  d a ta  a r e  n eeded  to  c o n f irm  th e s e  s ix  p a i r s .  The Ap lo c u s  i s  
known to  b e  a  member o f  l in k a g e  group  9 (H ild e b ra n d  eit a l_ ., 1980) .
T hus, th e  Lap^ lo c u s  can  a l s o  b e  a s s ig n e d  to  l in k a g e  group  9 . I t  
seems l i k e l y  t h a t  o n e ,o r  b o th ,  o f  th e  Idh^ and Idh^  l o c i  a r e  a l s o  
members o f  t h i s  l in k a g e  g ro u p . Idh^  gave in d i c a t i o n s  o f  l in k a g e  
w ith  b o th  th e  Ap and th e  Lap^ l o c i  (T a b le  1 6 ) , w h ile  Idh^ was p o s s ib ly  
l in k e d  w ith  Ap. I f  b o th  Idh^ and Idh^  a r e  members o f  l in k a g e  
group 9 , th e n  t h i s  l in k a g e  group  (L ap^, Ap, Id h ^ ? , Id h ^ ? ) m ust exceed  
50 c e n tim o rg a n s  in  l e n g th ,  a s  Idh^  was found  n o t to  be  l in k e d  w ith  
e i t h e r  I d h j  o r  Lap^ (w ith  f a i r l y  l a r g e  s e t s  o f  s e g r e g a t io n  d a t a ,  T ab le  
1 4 ) . The A dhjiA dh^ and P g d ^ iP g ij  l in k e d  p a i r s  b e lo n g  to  unknown 
l in k a g e  g ro u p s . They n eed  to  b e  te s te d *  w ith  m ark e rs  from  th e  11 
c l a s s i f i e d  l in k a g e  g ro u p s  to  d e te rm in e  i f  th y e  mark new l in k a g e  
g ro u p s  o r  a r e  p a r t  o f  one o f  th e s e  1 1  g ro u p s .
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G e n e tic  D iv e r s i t y  E s tim a te s  
Based on th e  zymogram g e n e t ic  m o d e ls , p r e v io u s ly  d e s c r ib e d ,  and 
u s in g  th e  raw  d a ta  in  A ppendix  I ,  I  c a l c u la te d  and com pared th e  
fo llo w in g  p a ra m e te rs  o f  g e n e t ic  d i v e r s i t y  in  G_. max and (?. s o .ja : 
t o t a l  po lym orphism , o b se rv e d  and e x p e c te d  h e te r o z y g o s i ty ,  th e  number 
o f  a l l e l e s ,  th e  f re q u e n c y  and th e  g e o g ra p h ic  d i s t r i b u t i o n  o f  a l l e l e s  
and th e  l e v e l  o f  g e n e t ic  d i v e r s i t y  in  d i f f e r e n t  g e o g ra p h ic a l  r e g io n s .  
W ith th e  e x c e p tio n  o f  h e t e r o z y g o s i ty ,  th e  b a s ic  o b s e r v a t io n a l  u n i t s  
w ere c u l t i v a r s  o r  p l a n t  i n t r o d u c t i o n  l i n e s  r a t h e r  th a n  s e e d s .  T ab le  
17 shows th e  h ig h  d e g re e  o f  g e n e t ic  (zymogram) p u r i t y  among se e d r  
w i th in  c u l t i v a r s  and P I  l i n e s .  B ecause  o f  th e  seed  p u r i t y ,  c u l t ­
iv a r s  o r  P I  l i n e s  a r e  m ore e q u iv a le n t  to  g e n e t ic  i n d i v id u a l s .  The 
l im i t e d  w ith in  l i n e  d i v e r s i t y  was n o t  random ly  d i s t r i b u t e d ,  b u t 
ten d ed  to  b e  clum ped w ith  a  few  c u l t i v a r s  o r  P i ' s  h a v in g  m ixed zymo­
gram ty p e s  f o r  s e v e r a l  enzym es. T hese l i n e s  p ro b a b ly  r e p r e s e n te d  
new er l i n e s  w hich h ave  n o t  been  f u l l y  s e l f e d  to  u n i f o r m i ty ,  o r  p rogeny  
from  n a t u r a l  o u tc r o s s e s  w h ich  o c c u rre d  a  few  g e n e r a t io n s  b ack  in  th e  
p a r t i c u l a r  seed  l o t  t e s t e d .  T h is  ty p e  o f  e l e c t r o p h o r e t i c  c l a s s i f i ­
c a t io n  may b e  u s e f u l  in  seed  l o t  p u r i t y  t e s t i n g ,  a s  w e l l  a s  in  t e s t i n g  
c u l t i v a r  u n i f o r m i ty .
T o ta l  Polym orphism
The enzymes s tu d ie d  a r e  g rouped  by p h y s io lo g ic a l  c l a s s  in  T ab le  
18. A ra n g e  o f  be tw een  43 to  47 J3. max and 42 to  46 G_. so.j a  l o c i  
have  been  s c re e n e d  on th e  p o p u la t io n a l  l e v e l  (T a b le s  13 and 1 8 ) . 
W ithou t f u r t h e r  g e n e t ic  d a ta  o r  o th e r  new s o u rc e s  o f  in fo rm a tio n ,  
no g r e a t e r  c e r t a i n t y  o f  th e  e x a c t  number o f  l o c i  c o n t r o l l i n g  th e  
o b se rv ed  zymograms can  be  o b ta in e d .  E l im in a t in g  th o s e  l o c i  w ith  an
Enzymes: ADH Am AP D ia GPD GOT IDH LAP MPI PGD PGI PGM TO T o ta l
G. max
No. o f  C u l t iv a r s  o r  
P i ' s  Having Mixed 
Zymogram Types
4 4 0 7 7 0 18 1 4 7 0 1  1 54
No. o f  C u l t iv a r s  
o r  P i ' s  T ested
398 403 403 403 397 296 403 395 403 403 266 403 404
A verage P e rc e n ta g e  o f Mixed Zymogram Types = 




G. s o ja
No. o f  P i ' s  Having 
Mixed Zymogram Types
2 14 1 1 5 5 1 3 6  6  4 0 9 1 67
No. o f P i ' s  T es ted 113 143 140 108 125 123 114 129 111 107 124 125 110 1572
A verage P e rc e n ta g e  o f  Mixed Zymogram Types = 
A verage P I Zymogram P u r i ty  =
4.3%
95.7%
C u l t iv a r s  o r  p l a n t  in t r o d u c t io n s  w ere c o n s id e re d  to  have a  mixed zymogram ty p e  when seed s  w ere 
c l a s s i f i e d  in t o  two o r  more zymogram ty p e s  on re p e a te d  e l e c t r o p h o r e t i c  r u n s .  When o n ly  one o r  two 
se e d s  from  a  s in g le  e l e c t r o p h o r e t i c  ru n  showed a  d i f f e r e n t  zymogram from  th e  m a jo r i ty  o f  se e d s  f o r  
t h a t  P I o r  c u l t i v a r ,  th e s e  se e d s  w ere c o n s id e re d  a t y p i c a l  and th e  c u l t i v a r  o r  P I was n o t c o n s id e re d  
m ixed. The c h o ic e  o f  two se e d s  a s  th e  c u to f f  betw een m ixed zymogram ty p e  and a t y p i c a l  seed s  was 
somewhat a r b i t r a r y ,  b u t i t  was f e l t  t h a t  one o r  two u n r e p l i c a te d  se e d s  w ith  abnorm al zymograms w ere 
more l i k e l y  th e  r e s u l t  o f  s c o r in g  and seed  h a n d lin g  m is ta k e s  by me, r a t h e r  th a n  l i n e  im p u r i t i e s .
Two se e d s  r e p r e s e n te d  l e s s  th a n  10% o f  th e  se e d s  t e s t e d  f o r  mixed l i n e s .  The h ig h e r  p r o p o r t io n  o f  
m ixed ty p e s  in  G. s o ja  may i n d i c a t e  t h a t  (1. so.j a  h as  a  h ig h e r  o u tc ro s s in g  r a t e .  Many o f  th e  seed s  
c o l l e c t e d  from  th e  w ild  may have been  h e te ro z y g o te s ,  and m ost o f  th e  G^. s o ja  P i ' s  exam ined have n o t  













Table 18. Enzyme Polymorphism Levels in C». max and G_. so.j a.
P h y s io lo g ic a l No. o f L o c i Number o f  P o ly m o rp h ic  L o c i
Enzyme C la s s Enzymes S creen ed 95% L ev e l 99% L ev e l
G. max G. s o ja G. max G. s o ja  G. max G• so jj
AP 3-4 3-4 1 1 1 1
D ia 5-6 5-6 1 3 3 4
N o n -S u b s tra te LAP 2 1 0 1 1 1
S p e c i f ic MPI 1 1 1 1 1 1
P e r o x i . 1 1 0 0 0 0
TO 3 3 0 0 1 1
GOT 2 2 0 0 0 1S u b s t r a te IDH 4 4 3 2 3 3S p e c i f i c MDH 4 4 0 0 0 0N o n -R eg u la to ry PGD 4 4 1 2 1 2
ADH 4 -5 4-5 1 0 2 2
S u b s t r a te Am 3 3 1 1 1 1
S p e c i f i c GPD 1 - 2 1 - 2 I S 1 § 1 § 1 §
R e g u la to ry PGI 3 3 0 1 0 1
PGM 3 3 1 2 1 2
T o ta l s : 15 43-47 42-46 10-11 14-15 15-16 :2 0 - 2 1
T o ta l  Polym orphism  (95% l e v e l ) G. max = ( 1 0 - 1 1 ) /  (4 3 -4 7 ) = 23%
G. s o ja = (1 4 - 1 5 ) /(4 2 -4 6 ) = 33%
T o ta l  Polym orphism  (99% l e v e l ) G. max = (1 5 - 1 6 ) /(4 3 -4 7 ) = 34%*
G. s o ja = ( 2 0 - 2 1 ) /(4 2 -4 6 ) = 47%
99% and 95% l e v e l s  r e f e r  to  th e  f re q u e n c y  o f  th e  m ost common a l l e l e .  
§ P o s s i b le  r e g u la to r y  lo c u s  w hich  i s  v a r i a b l e .
* S i g n i f i c a n t  d i f f e r e n c e  a t  th e  5% l e v e l  w ith  a  S tu d e n t 's  t - t e s t  
u s in g  p a i r e d  o b s e r v a t io n s  o f  th e  a r c  s in e , s q u a r e  r o o t  tra n s fo rm e d  
v a lu e s  o f  po lym orphism  p e rc e n ta g e s  a t  eac h  e n z y m e .
167
a l l e l e  f re q u e n c y  o f  g r e a t e r  th a n  0 .9 9  (T a b le  2 1 ) ,  16 l o c i  w ere found 
to  b e  p o ly m o rp h ic  in  G^ . max and 21 in  iG. so.j a . A l l  b u t  one o f  th e s e  
p o ly m o rp h ic  l o c i  w ere co n firm ed  w ith  i n h e r i t a n c e  s tu d ie s  (a l th o u g h  
n o t a l l  a l l e l e s  w ere t e s t e d ) . The p o ly m o rp h ic  Gpd lo c u s  in  b o th  
G. max and (3. s o ja  may a c t u a l l y  be  a  r e g u la to r y  l o c u s ,  r a t h e r  th a n  
an  en zy m atic  s t r u c t u r a l  lo c u s  ( s e e  GPD s e c t i o n ) . S in c e  we had 
no way o f  s c r e e n in g  a l l  r e g u la to r y  l o c i  w h ich  may a f f e c t  zym ograms, 
o n ly  s t r u c t u r a l  l o c i  can  be  u sed  to  c a l c u l a t e  t o t a l  po lym orph ism .
Thus, th e  b e s t  e s t im a te  o f  t o t a l  po lym orphism  (99% l e v e l )  in  £ .  max 
i s  (15 o r  1 6 ) /(4 3 -4 7 )  o r  32-37%, and in  £ .  s o ja  i t  i s  (20 o r  2 1 ) /(4 2 -4 6 )  
o r  43 .5 -50% . U sing  th e  m id d le  o f  th e  ra n g e  g iv e s  an  e s t im a te d  p o ly ­
m orphism  o f  34% f o r  max and 47% f o r  £ .  so.j a . When c a l c u la te d  a t  
th e  95% a l l e l e  f re q u e n c y  l e v e l ,  t o t a l  po lym orph ism  f o r  G_. max was 
23% and 33% in  G. s o j a . The d i f f e r e n c e  be tw een  polym orphism  l e v e l s  
f o r  jG. max and CJ. s o ja  was n o t s t a t i s t i c a l l y  s i g n i f i c a n t  a t  th e  95% 
l e v e l ,  b u t th e  d i f f e r e n c e  was s i g n i f i c a n t  when po lym orphism  was 
c a l c u la te d  a t  th e  99% l e v e l .  A t th e  99% a l l e l e  f re q u e n c y  l e v e l  a l l  
l o c i  w hich  w ere p o ly m o rp h ic  in  (G. max w ere a l s o  p o ly m o rp h ic  in  G_. s o j a ,  
w ith  an  a d d i t i o n a l  f i v e  l o c i  p o ly m o rp h ic  in  G^ . s o j a . C le a r ly ,  XJ. s o ja  
c o n ta in s  more p o ly m o rp h ic  l o c i  th a n  th e  G^. max gene p o o l .  A lm ost 
a l l  JG. s o ja  se e d s  s c re e n e d  w ere n o t  d i r e c t l y  c o l l e c t e d  from  w ild  pop­
u l a t i o n s .  They may have been  u n d e r c u l t i v a t i o n  f o r  s e v e r a l  g e n e r a t io n s ,  
and m ost may be  d e s c e n d a n ts  o f  one o r  a few  s e e d s .  H ence, w i th in  
l i n e  po lym orphism  was p ro b a b ly  u n d e r e s t im a te d ,  and t o t a l  polym orphism  
may h av e  b een  u n d e re s t im a te d  f o r  n a t u r a l  p o p u la t io n s .
H e te ro z y g o s i ty
The o b se rv e d  h e te r o z y g o s i ty  l e v e l s  f o r  11 l o c i  w ith  codom inan t
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a l l e l e s  a r e  l i s t e d  on T a b le  19. Only th o s e  l o c i  w ith  codom inan t 
a l l e l e s  w ere s tu d ie d ,  s in c e  h e te ro z y g o te s  can  b e  d i r e c t l y  i d e n t i f i e d  
w ith o u t th e  need  o f  d o in g  p ro g en y  t e s t s .  A more a c c u r a te  
e s t im a te  w ould b e  o b ta in e d  by s tu d y in g  a l l  l o c i .  The a c t u a l  number 
o f  o b se rv e d  h e te ro z y g o u s  seed  d iv id e d  by th e  t o t a l  number o f  se e d s  
t e s t e d  was u sed  f o r  each  lo c u s .  H e te ro z y g o u s  se e d s  a t  any o f  th e  
l o c i  w ere n o t  found  e q u a l ly  d i s t r i b u t e d  am ongst th e  c u l t i v a r s  and 
P i ' s  t e s t e d ,  b u t te n d e d  to  be  clum ped in to  a  few c u l t i v a r s  o r  P I 
l i n e s .  A d i s p r o p o r t i o n a t e  sam p lin g  o f  th e s e  l i n e s  would be  e x p e c te d  
to  a l t e r  th e  o b s e r v a t io n s  m ade. A somewhat l a r g e r  number o f  s e e d s  
w ere t e s t e d  from  c u l t i v a r s  o r  P i ' s  w ith  m ixed zymogram ty p e s  o r  
h e te ro z y g o u s  s e e d s ,  a s  when th e s e  ty p e s  w ere  d is c o v e re d  in  th e  i n ­
i t i a l  s c re e n in g  th e y  w ere  u s u a l ly  r e p e a te d  in  su b se q u e n t e l e c t r o p h o r ­
e t i c  ru n s  f o r  c o n f i r m a t io n .  T hus, th e  o b se rv e d  h e t e r o z y g o s i t i e s  on 
T ab le  19 may be s l i g h t l y  o v e r - e s t im a te d .  N e v e r th e le s s ,  th e  d i f f e r ­
ence  betw een  o b se rv e d  h e t e r o z y g o s i ty  in  (5. max v s .  (5. s o ja  w ould n o t  
be  a l t e r e d .  (3. so.j a  was found  to  have  a p p ro x im a te ly  a n in e  t im e s  
g r e a t e r  p r o p o r t io n  o f  h e te r o z y g o te s  th a n  d id  G_. max. T h is  d i f f e r e n c e  
was s t a t i s t i c a l l y  h ig h ly  s i g n i f i c a n t  (T a b le  1 9 ) . C o n s id e r in g  t h a t  
m ost o f  th e  (1. so.j a  P i ' s  t e s t e d  had been  p ro p a g a te d  many tim e s  and 
s e le c te d  f o r  u n i f o r m i ty ,  s in c e  th e y  w ere o r i g i n a l l y  c o l l e c t e d  
from  th e  w i ld ,  an  even  g r e a t e r  p r o p o r t io n  o f  h e te r o z y g o te s  w ould 
be  e x p e c te d  in  G_. s o la  se e d  c o l l e c t e d  d i r e c t l y  from  th e  w i ld .  The 
d i f f e r e n c e  be tw een  _G. max and G,. s o ja  h e te r o z y g o s i ty  l e v e l s  was 
m ost l i k e l y  cau sed  by two f a c t o r s .  F i r s t ,  in  th e  w ild  g e n o ty p e s  
a r e  ju x ta p o s e d
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T a b le  19. H e t e r o z y g o s i t y  L e v e l s  i n  CL m ax a n d  (1. so.j a .
CL max G_. s o ja
Locus N % Obs. H e t. % Exp. H e t._________ N % O b s .H e t. % Exp. H e t.
Am^ 15/6691 0 . 2 2 2 1 . 2 43/1342 3 .2 3 9 .4
Ap 4/2489 0 .1 6 2 5 .0 15/1059 1 .4 63 .8
D i 2
0/2604 0 . 0 0 7 .7 3/505 0 .5 9 3 3 .2
Id h j 5 /2941 0 .17 5 0 .0 1/593 0 .1 7 3 .9
Id h 2 6/2941 0 . 2 0 46 .1 4 /593 0 .6 7 19 .6
L apj 1/3318 0 .03 2 . 0 0/954 0 . 0 0 2 5 .8
Mpi 2 /2334 0 .0 9 5 1 .6 7 /529 1 .32 5 8 .5
Pgd 1 6/2745 0 . 2 2 3 4 .3 3 /544 0 .5 9 5 4 .4
P g i 0 /2340 0 . 0 0 0 . 8 1/832 0 . 1 2 16 .7
Pgmj 0 /2348 0 . 0 0 4 9 .0 0/791 0 . 0 0 2 1 . 1
Pgm 2 0/2340 0 . 0 0 0 . 0 12/1119 1 .07 2 9 .5
T o ta l  39 /34931 = 0 .11** 26 .1 89/8821  = 1 .00** 3 3 .3
A ll  V a r ia b le  L o c i: 18 .6* 2 2 . 2 *
A ll  L o c i: 10 .3* 1 2 . 1 *
Obs. e q u a ls  o b se rv e d , Exp. e q u a ls e x p e c te d  and H e t. e q u a ls  h e te r o z y -
g o s i ty .  N e q u a ls  th e  o b se rv e d  h e te ro z y g o u s  seed  /  t o t a l  se e d s  t e s t e d .
* S i g n i f i c a n t  d i f f e r e n c e  be tw een  (1. max and (L s o j a . u s in g  th e  S tu ­
d e n t 's  t - t e s t  a t  th e  1 0 % l e v e l ,  w ith  p a i r e d  c o m p a riso n s .
** S i g n i f i c a n t  d i f f e r e n c e  betw een  G_. max and jG. so.j a , u s in g  th e  S tu ­
d e n t 's  t - t e s t  a t  th e  1 % l e v e l ,  w ith  p a i r e d  co m p a riso n s .
S ig n i f i c a n c e  t e s t s  w ere p e rfo rm e d  on th e  A rc s in e , s q u a r e  r o o t , t r a n s ­
form ed d a t a .
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b u t i n  c u l t i v a t i o n  g e n o ty p e s  a r e  u s u a l l y  found  in  m o n o c u ltu re . In  
m o n o c u ltu re  th e  a f f e c t s  o f  o u tc r o s s in g  w ould n o t  b e  g e n e t i c a l l y  
d e te c te d  (K ian g , 1 9 8 1 ) . S econd , th e  e x p e c te d  h e te r o z y g o s i ty  (b ased  
on a  p a n m ic tic  p o p u la t io n ,  N e i, 1975) was somewhat h ig h e r  f o r  th e  
11 l o c i  s tu d ie d  in G .  so j a  th a n  in  G . max (T a b le  1 9 ) .
C le a r ly  th e  o b se rv e d  h e te r o z y g o s i ty  l e v e l s  f o r  a l l  l o c i  w ere 
w e ll  below  th e  e x p e c te d  h e t e r o z y g o s i ty .  T h is  in d ic a te d  t h a t  n e i t h e r  
max n o r  J2. s o la  a r e  p a n m ic tic  p o p u la t io n s .  T h is  was n o t  u n e x p e c te d  
s in c e  i t  was known t h a t  th e y  a r e  b o th  h ig h ly  s e l f - p o l l i n a t i n g .  P ecau se  
o f  th e  i n d i r e c t  o r i g i n  o f  th e  G_. so.1a s e e d s ,  th e  g row th  o f  G_. max 
g en o ty p es  i n  m o n o c u ltu re  and th e  u n c e r t a in t y  o f  th e  in b re e d in g  r a t e  
o f  £ .  s o ja  i n  t h e  w i ld ,  th e  d i f f e r e n c e  betw een  o b se rv e d  h e te r o z y g o s i ty  
and e x p e c te d  h e t e r o z y g o s i ty ,  a d ju s te d  f o r  in b re e d in g ,  i s  n o t  a  v e ry  
m e a n in g fu l co m p ariso n . H owever, assum ing  t h a t  max and G_. s o ja  
have 99.5% and 97% s e l f i n g  r a t e s  r e s p e c t i v e l y ,  th e  o b se rv e d  h e t e r o ­
z y g o s i ty  was s t i l l  below  th e  e x p e c te d  h e t e r o z y g o s i ty  f o r  m ost l o c i  
in  b o th  £ .  max and J3. s o j a . The e x p e c te d  h e te r o z y g o s i ty ,  p a r t i c u l a r l y  
when c a l c u l a t e d  f o r  a l l  l o c i ,  i s  a  u s e f u l  m easu re  o f  g e n e t ic  d iv e r ­
s i t y .  G^ . max was found  to  h ave  a  ( a l l  l o c i )  o f  10.3%, w h ile  
£ .  s o ja  had a  v a lu e  o f  12.1% . The d i f f e r e n c e  was s t a t i s t i c a l l y  v a l i d  a t  
th e  10% p r o b a b i l i t y  l e v e l  w ith  a  S tu d e n t 's  t - t e s t  u s in g  p a i r e d  
o b s e r v a t io n s  o f  th e  a r c  s i n e ,  sq u a re  r o o t  tra n s fo rm e d  hg v a lu e s  a t  
each  l o c i .  T h is  in d i c a te d  a  90% p r o b a b i l i t y  t h a t  jG. s o ja  had  a  
h ig h e r  l e v e l  o f  g e n e t ic  d i v e r s i t y  a s  m easured  by t h i s  p a ra m e te r .
Number o f  A l l e l e s
One o f  th e  m ost d i s t i n c t  d i f f e r e n c e s  betw een  G_. max and £ .  s o ja
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was th e  f in d in g  o f  15 low  f re q u e n c y  a l l e l e s  in  G. so.j a  w hich  w ere 
n o t  found  in  G_. max. T h is  d i f f e r e n c e  was s t a t i s t i c a l l y  h ig h ly  
s i g n i f i c a n t ,  e s p e c i a l l y  s in c e  a p p ro x im a te ly  t h r e e  tim e s  a s  many 
£ .  max c u l t i v a r s  and P i ' s  w ere t e s t e d  th a n  w ere G^ . s o ja  P i ' s .
Of th e  g ran d  t o t a l  o f  83 g e n e t i c a l l y  co n firm ed  and h y p o th e s iz e d
a l l e l e s  found  in  t h e  c o l l e c t i v e  G^. max and G_. so.j a  germ plasm  exam in­
ed , 81 w ere o b se rv e d  in  £ .  s o ja  w h ile  o n ly  6 8  w ere o b se rv e d  in  (2 . max.
A p p ro x im a te ly  18% o f  th e  a l l e l e s  w ere u n iq u e  to  GL so.j a , w h ile  o n ly
two a l l e l e s  (2.4% ) w ere u n iq u e  to  G_. max (b o th  o f  th e s e  a l l e l e s  
w ere v e ry  r a r e ) . The re m a in in g  80% o f  t h e  a l l e l e s  w ere sh a re d  by 
th e  two s p e c ie s .  W ith  an  e q u a l sam ple s i z e  i t  i s  p o s s ib le  t h a t  even 
more r a r e  a l l e l e s  w ould b e  found  in  £ .  so j  a . G^ . max l o c i  had an
a v e ra g e  o f  1 .5  a l l e l e s ,  w h ile  G^ . s o ja  had an a v e ra g e  o f  1 .8  a l l e l e s .  
T ab le  20 sum m arizes t h i s  in fo rm a t io n .
A l l e l e  F re q u e n c ie s  and G eo g rap h ic  D i s t r i b u t i o n .
T a b le  21 l i s t s  th e  o b se rv e d  f r e q u e n c ie s  f o r  each  co n firm ed  and
h y p o th e s iz e d  a l l e l e  a t  a l l  v a r i a b l e  l o c i  in  G^. max and in  (J. s o j a .
A l l  c u l t i v a r s  and P i ' s  t e s t e d  (A ppendix I )  w ere u t i l i z e d  to  co m p ile
th e s e  s p e c ie s  a v e ra g e s .  Twenty one o f  th e  44 a l l e l e s  a t  v a r i a b l e
2
l o c i ,  s h a re d  by b o th  s p e c ie s ,  had s t a t i s t i c a l l y  s i g n i f i c a n t  (X a t  
th e  5% l e v e l )  d i f f e r e n c e s  in  f re q u e n c y . H owever, th e  o v e r a l l  c o r r ­
e l a t i o n  betw een  a l l e l e  f r e q u e n c ie s  in  £ .  max com pared w ith  £ .  s o ja  
was h ig h  (R = .84  f o r  v a r i a b l e  l o c i ,  and .94 c o n s id e r in g  a l l  h y p o th ­
e s iz e d  l o c i ,  T a b le  2 0 ) .  T h is  r e l a t i v e l y  h ig h  o v e r a l l ,  a l l e l e  f r e q ­
uency  c o r r e l a t i o n  and th e  f a c t  t h a t  80% o f  th e  a l l e l e s  w ere sh a re d  
by th e  two s p e c i e s ,  w i th  u n iq u e  a l l e l e s  a l l  h a v in g  low f r e q u e n c ie s ,  
in d i c a t e s  th e  g e n e t ic  c lo s e n e s s  o f  th e  two s p e c ie s .  I t  a l s o  s u p p o r ts
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Table 20. Comparison of Alleles in (?. max and G_. so.j a.
G. max G. so .1 a
Sample S iz e ;  Ave. No. o f  C u l t ,  o r  P i ' s : 365 118
T o ta l  No. o f  A l l e l e s  O bserved : 6 8 ** 81**
No. o f  U nique A l l e l e s  (% o f  th e  t o t a l ) : 2 (2 .4 )* * 1 5 (1 7 .9 )* *
A verage No. o f  A l l e l e s  P e r  L ocus: 1 .51** 1 .80**
A verage F re q . o f  th e  M ost Common A l l e l e : 8 9 .4  % 8 8 . 8 %
C o r r e l .  (R) Betw een A l l e l e  F re q .  ( v a r i a b l e  l o c i ) : .84
C o r r e l .  (R) Betw een A l l e l e  F re q .  ( a l l  l o c i ) : .947
P e rc e n ta g e  o f  A l l e l e s  in  Common: 79 .7
** S i g n i f i c a n t  d e v ia t io n  be tw een  (5. max and G_. so.j a  was fo u n d , u s in g  
a  S tu d e n t 's  t - t e s t  w ith  p a i r e d  c o m p a r iso n s , a t  th e  1% l e v e l .
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Table 21. Comparison of Allele Frequencies in (2. max and soja.
Locus A l l e l e
A l l e l e  F re q u e n c ie s  
G. max G. s o ja
S ig n i f i c a n t
D if f e r e n c e
Adhx Adh1 3 5 1 .5 /3 9 8 = . 8 8 110/113 = .97 **
a d h j 3 6 .5 /3 9 8 = . 1 2 3 /113 = .03 **
M h 2 A d h 2
380/398 = .96 1 0 9 .5 /1 1 3 = .98
adh 2 18/398 = .04 2 .5 /1 1 3 = . 0 2
Am^ Am^ 4 0 1 .5 /4 0 3 = .996 143/143 = 1 . 0
nam^ 1 .5 /4 0 3 = .004 0/143 = 0 . 0
Am2 Am2 4 0 1 .5 /4 0 3 = .996 143/143 = 1 . 0
nam_
2
1 .5 /4 0 3 = .004 0/143 = 0 . 0
Am3 A m ^ 354 /403 = . 8 8 105/143 = .73 **
Am3S 4 7 .5 /4 0 3 = .117 27/143 = .27 **
Am3SW 1/403 = . 0 0 2 0/143 = 0 . 0 §
am3n .5 /4 0 3 = . 0 0 1 0/143 = 0 . 0 §
Ap Apa 36/403 = .09 6 5 .8 3 /1 4 0 = .47 **
Apb 348/403 = . 8 6 2 8 .8 3 /1 4 0 = .205 **
Ap° 19/403 = .05 4 4 /140 = .315 **
ApV $ 0 /4 0 3 = 0 . 0 1 .3 3 /1 4 0 = . 0 1 §
D il D il 1 9 8 .5 /4 0 3
= .49 3 5 .5 /1 0 8 = .33 **
d i l 2 0 4 .5 /4 0 3
= .51 7 2 .5 /1 0 8 = .67 **
D i 2 D i2 f 3 8 7 .5 /4 0 3 = .96 85/108
= .79 **
< 1 5 .5 /4 0 3 = .04 23/108 = . 2 1 **
D i3  39 1 /3 9 6  = .99  105/108 = .97
d i 3  5 /3 9 6  = .01+  3 /108  = .03
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Table 21 continued.
A l l e l e  F re q u e n c ie s  S ig n i f i c a n t
Locus A l l e l e G. max G. s o ja D if f e r e n c e
D i4 Di4 378 /378
= 1 . 0 103/108 = .95
d i 4 0 /378 = 0 . 0 5/108  = .05 §
Gpd gpd 2 6 5 .5 /3 9 7 = .67 8 8 .5 /1 2 5  = .71
Gpd 1 3 1 .5 /3 9 7 = .33 3 6 .5 /1 2 5  = .29
Got G otS 296 /296 = 1 . 0 1 2 0 .5 /1 2 3  = .98
f  . 
Got $ 0 /2 9 6 = 0 . 0 2 .5 /1 2 3  = . 0 2 §
Id h 1 Id h 1f 200 /403 = .5 112/114 = .98 **
I d h ^ 203 /403 = .5 2 /114  = . 0 2 **
Id h 2 id h 2f 144/403 = .36 1 2 .3 3 /1 1 4  = . 1 1 **
id h 2 3 259 /403 - .64 1 0 1 .7 /1 1 4  = .89 **
Id h 3 Id h 3f 0 /4 0 3 = 0 . 0 1 2 .3 3 /1 1 4  = . 1 1 §
Id h 3m 2 6 9 .5 /4 0 3 = .67 8 7 .3 3 /1 1 4  = .765 *
Id h 3 S 1 3 3 .5 /4 0 3 = .33 1 4 .3 3 /1 1 4  = .125 **
Lapj^ j f  L apx 3 9 0 .5 /3 9 5 = .99 110/129 = .85 **
L apxS 4 .5 /3 9 5 = . 0 1 1 7 .5 /1 2 9  = .14 **
Lap^V $ 0 /3 9 5 = 0 . 0 1 .5 /1 2 9  = . 0 1 §
Lap2 Lap2
f re q u e n c y  d a ta  n o t  a v a i l a b l e
l a p 2  $
Mpi Mpif 1 0 6 .5 /4 0 3 = .264 2 8 .8 3 /1 1 1  = .26
m
Mpi 2 5 7 .5 /4 0 3 = .639 6 4 .8 3 /1 1 1  = .58
MpiS 29/403 = .072 7 .8 3 /1 1 1  = .07
MpiV $ 0 /4 0 3 = 0 . 0 1 / 1 1 1  = . 0 1 §
m pi $ 10 /403 as .025 8 .5 /1 1 1  = .08
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Table 21 continued.
A l l e l e  F re q u e n c ie s  S i g n i f i c a n t
Locus A l l e l e _________ G. max______________ G. s o ja _______D if f e r e n c e
Pgdj P g d J  $ 0 /403 = 0 .0 2/107 = .02 §
Pgdjf 3 1 3 .5 /4 0 3 = .78 65 .87 /107 = .615 **
P g d ^ 8 9 .5 /4 0 3 = .22 2 7 .3 3 /1 0 7 = .255
p g ^ 0/403 = 0 . 0 1 1 .83 /107 = .11 §
Pgd2 pga2v $ 0 /403 = 0 . 0 2/107 = .02 §
pgd2 f 0 /403 s r 0 . 0 3/107 = .03 §
Psd2" 403 /403 = 1 .0 100/107 = .94
Pgd23 ? 0/403 = 0 . 0 1/107 = .01 §
pgd3 Pgd3f 403/403 = 1 .0 106/107 = .99
Z-type  8 0 /403 = 0 . 0 1/107 - .01 §
P g i i P g i f
265/266 = .996 113/124 S .91
P g i”1 $ 0 /266 = 0 . 0 1/124 = .01 §
P g i S 0/266 = 0 . 0 9/124 = .07 §
P g i  $ 1/266 = .004 1/124 = .01
Pg"^ Pgrn^ 2 3 1 .5 /4 0 3 = .57 101 .5 /125 = .88 **
Pgm1f 171 .5 /4 0 3 = .43 2 3 .5 /1 2 5 = .12 **
pgm2 Pgm2 403/403 = 1 .0 103/125 = .82
Pgm2f 0/403 = 0 . 0 23/125 = .18 §
To4 To4 391/404
= .97 1 0 8 .5 /1 1 0 = .99
t o 4 13/404 = .03 1 .5 /110
= .01
2
* S ig n i f i c a n t  X d i f f e r e n c e  betw een  jG. max and <G. s o ja  a t  th e  5% l e v e l  
2
** S ig n i f i c a n t  X d i f f e r e n c e  betw een  G_. max and £ .  so.j a  a t  th e  1% l e v e l  
§ U nique a l l e l e ,  i e .  o n ly  found in  one o f  th e  two s p e c ie s .
$ T e n ta t iv e  a l l e l e  sym bol f o r  h y p o th e s iz e d  a l l e l e .
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th e  g e n e r a l ly  a c c e p te d  h y p o th e s is  t h a t  so y b ean s w ere d e r iv e d  from  
£ .  so.j a . N e i 's  (1975) in d e x  o f  g e n e t ic  i d e n t i t y  was c a l c u la te d  a s  
0 .9 1 .
The d i f f e r e n c e s  in  a l l e l e  f r e q u e n c ie s  o b se rv e d  betw een  (3. max 
and G_. s o ja  l o c i  w ere m ost l i k e l y  cau sed  by one o f  two phenom ena.
The f i r s t  b e in g  e s s e n t i a l l y  a  fo u n d e rs  o r  sam p lin g  e f f e c t .  S in c e  
th e  e n t i r e  £ .  s o ja  germ plasm  was n o t u se d  in  th e  d o m e s t ic a t io n  
p r o c e s s ,  th e  c u r r e n t  f r e q u e n c ie s  o f  G.. max may b e  a  r e f l e c t i o n  o f  
th e  a l l e l e  f r e q u e n c ie s  in  th e  p r o p o r t io n  o f  th e  J3. s o ja  germ plasm  
u sed  in  th e  soybean  c u l t i v a t i o n  p r o c e s s .  Gene f lo w  betw een  th e  two 
s p e c ie s  o v e r  th e  3500 y e a r s  s in c e  £ .  max was d o m e s t ic a te d  (Hymowitz, 
1970 ), sh o u ld  b e  re d u c in g  any  fo u n d e rs  e f f e c t .  W hile th e  amount 
o f  gene  flo w  i s  unknown, th e  h ig h ly  s e l f - p o l l i n a t i n g  r e p r o d u c t io n  
o f  so y b ean s w ould make th e  r a t e  o f  gene flo w  betw een  th e  two 
s p e c ie s  low . N e v e r th e le s s ,  enough gene flo w  h a s  a p p a r e n t ly  o c c u rre d  
f o r  th e  c r e a t i o n  o f  an  i n t e r - s p e c i e s  h y b r id ,  th e  " g r a c i l i s  g en o ty p e"  
(Hermann, 1962; Hymowitz, 1970; B rio c h  and P a lm er, 1 9 8 0 ). The second  
phenomenon w hich  c o u ld  be  r e s p o n s ib le  f o r  th e  d i f f e r e n c e  in  a l l e l e  
f r e q u e n c ie s  betw een  (1 . max and G^ . s o j a  i s  th e  d i f f e r e n c e  in  s e l e c t i o n  
p r e s s u r e s  upon th e s e  two p o p u la t io n s .  The a r t i f i c a l  s e l e c t i o n  
im posed by man in  th e  c u l t i v a t i o n  o f  soybeans w ould b e  e x p e c te d  to  
change th e  f r e q u e n c ie s  o f  any a l l e l e s  d i r e c t l y  a f f e c t i n g  a g r i c u l t u r a l  
t r a i t s ,  o r  th o s e  a l l e l e s  l in k e d  w ith  l o c i  a f f e c t i n g  a g r i c u l t u r a l  
t r a i t s .  A g r i c u l t u r a l  t r a i t s  a r e  d e f in e d  a s  any t r a i t s  d i f f e r i n g i n  
f i t n e s s  in  c u l t i v a t e d  v s .  w ild  e n v iro n m e n ts . W ith 40 (2N) sm a ll 
chrom osom es, l in k a g e  r e l a t i o n s h i p s  in  so y b ean s a r e  r a r e l y  o b se rv e d
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(a s  can  be  se e n  in  T a b le  1 4 ) . G e n e tic  d r i f t  and d i f f e r e n t i a l  m uta­
t i o n  r a t e s  may h ave  p la y e d  m inor r o l e s  in  a l t e r i n g  a l l e l e  f r e q u e n c ie s  
( th e r e  i s  no e v id e n c e  t h a t  th e y  d i d ) ,  b u t s in c e  th e  p o p u la t io n  s i z e  
in  b o th  s p e c ie s  i s  l a r g e  and th e  d iv e rg e n c e  tim e  (3500 y e a r s )  i s  
s h o r t  (on an  e v o lu t io n a r y  tim e  s c a le )  g e n e t ic  d r i f t  o r
m u ta tio n  w ere u n l i k e ly  to  have p la y e d  s i g n i f i c a n t  r o l e s .
The g e o g ra p h ic  d i s t r i b u t i o n  o f  a l l e l e s  was s tu d ie d  in  (2. max 
and Q . s o j a . T h is  w ork was l i m i t e d  by a  number o f  f a c t o r s  ( s e e  
m a te r i a l s  and m ethods s e c t i o n ) . I t  i s  in c lu d e d  o n ly  a s  an  i n t r o ­
d u c t io n  and d e t a i l e d  g e o g ra p h ic  d i v i s i o n s  o r  co m p ariso n s  w ere n o t 
made. S in c e  o n ly  s i x  G^ . s o ja  P i ’ s w ere  s tu d ie d  from  c e n t r a l  C hina 
and o n ly  fo u r  £ .  max c u l t i v a r s  from  R u s s ia ,  th e s e  a r e a s  w ere  n o t
in c lu d e d  in  c o m p a riso n s . When a l l e l e  f r e q u e n c ie s  betw een  (?. max
and G^ . s o ja  w ere  b ro k en  down in to  g e o g ra p h ic  a r e a s  (T ab le  2 2 ) ,  th e  
c o r r e l a t i o n  be tw een  th e  f r e q u e n c ie s  o f  G^ . max and J3. so.j a  a l l e l e s  
( a t  v a r i a b l e  l o c i )  was re d u c e d  to  R = .2 3 . T h is  r e d u c t io n  can  be 
p a r t i a l l y  e x p la in e d  by th e  in c re a s e d  sam p lin g  e r r o r  i n  my g e o g ra p h ic  
s tu d y , r e s u l t i n g  from  u s in g  means c a l c u l a t e d  from  few er o b s e r v a t io n s .  
The l a r g e  m ig r a t io n a l  in f lu e n c e s  im posed by man on c u l t i v a t e d  soy ­
b e a n s , p a r t i c u l a r l y  in  t h e  l a s t  50 y e a r s ,  a l s o  w ould be  e x p e c te d  to  
re d u c e  th e  g e o g ra p h ic  c o r r e l a t i o n  be tw een  a l l e l e  f r e q u e n c ie s  i n  
G_. max and £ .  so.j a . N e v e r th e le s s ,  many o f  th e  a l l e l e s  seemed to  
fo l lo w  d i s t i n c t l y  d i f f e r e n t  g e o g ra p h ic  d i s t r i b u t i o n s  in  th e  two 
s p e c ie s ,  s u g g e s t in g  t h a t  o th e r  f o r c e s  ( s e l e c t i o n )  w ere a l s o  o p e r a t in g .  
C u l t iv a te d  and n a t u r a l  e n v iro n m en ts  a r e  q u i t e  d i f f e r e n t  in  th e s e  
r e g io n s ,  and sam p les w ere  d e r iv e d  from  d i f f e r e n t  lo c a t io n s  
w i th in  th e s e  l a r g e  g e o g ra p h ic  a r e a s .  A l l e l e s  w ith  d i f f e r e n t  f i t n e s s
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Table 22. Geographic Distribution of Alleles in (5. max and G_. s o j a .
cd o o kO O O CM O CO O © © CO © © CO CO
•r- j o o O O CO O r-H © © O r-H © © r-H hH
O • • • • « • 0 • • • • • 0 0 0 0 0
£  CO<T< o f o 1 o 1 o I
o































CO 00 CO 100 1»-H Ii-H i00 100 100
cfl O i-H r-H H p*H r—i r-H r-H H i-H r—4
<->
o o o O © O 00 o CM 00 o O CM o ON 00 ©
. f l  (0 o o o o © O o o VO © o o M f o 00 © ©
4-> e • • • • • • 0 • • • • • 0 0 0 0 0
























o CM CM CM CM CM CM CM CM CM CM CM i-H CM CM CM CM CM
cd O o VO O C O vO i n CO CO o © CO CO ©
o o < r O © i n H o i n CO © o CO © r-H CO H
o • • • • • • • • • • • • 0 0 0 0 0
Cd COni o o 1 o 1 o o 1 o ■
o




l o 1 ©1 O1 ©1 ©t
C1(U





















ca e H H CM cm CM r-H H ^■4 ^H l- H r-H i-H r-H r-H i-H ^H r*H
►o
k o > ON o O o < r o VO ON O 00 © r*- m m
X  0 © o o o O o o o s r r*H © © Ml- o r - i-H r-H
-i-1 6 • • • • « • • • • • • 0 0 0 0 0 0
3A o o o1 © o1 oI o1 o1 ©■ ©j ©| C1 ©I © ©■ ©1 ©1U
CO • co CO 1vO VC VO 1VO 1vO vO ivO 1vO vO 1VO 1CO CM iVO 1VO 1vO
O CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM
cd vD i n 0 0 O c i n 0 0 ^H
•t— O o CM © © CO CO ©o 0 0 0 0 0 - 0 0





















i n i n VC vO vO VO vO vO
0  K vO CO 0 0 © © CM CM ©
u :  cd r-H ^H r-H © © r-H r H ©






















o CO CO CO CO CO CO c o CO
0 0 H t 0 0 <r © »-H 0 0
CO CM © © CO o o ^ 4 ^ 4
0 0 0 0 0 0 0 0 0













VOm in m m VO vO m m m
^H © © © r - © r —4 i n o
© © © MT © © r-H ©






















CO CO CO CO CO CO c o CO CO
*  v  
^cU (0
•5 s
J 3  O
C5
ON vO a . © © ON VO © CO © © o ON © © i-H ©
© © © o © © © © in © o © r-H © m ON ©
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
































CO CO CO CO CO CO CO CO CO CO CO CO CO CM CO CO CO
cd o o CO © © r*- © ©
•K •f— o © H © © ©
* c o
o 0 0 0 0 0 0 0 0
CO o o © o © o o oc 1 1 1 1 I 1 ) 1
•H 0 co co m m m t o m i n
Xo o r-H i-H H r-H r-H r-H r-H r-H
. * vO vO OV o © ON CM ©w nJ *■“4 © © o © r-H CM ©
0 s 0 0 0 0 0 0 0 0











CMu CO CO CO CO c o CO CO CO
ON vO © ON m © © © ©
CM CO © © r-H © © © ©
























r-4 r-H r-H H r—H r-H r-H r-H r-H
ON O © CO © VO i-H ©
CO © O O r-H © CO O
0 0 0 0 0 0 0 0 0
















CO CO CO CO CO CM CO CO CO
id o o o O O in in O o o o o © O o © o
•t- o o o O O ON © o o o o o CO O o © oo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CO o1 ct o1 Oi ©1 o f o1 ©1 o1 ©1 © o1 ci o1 o1 o1 o1
0
1o o 1o 1o 1© 1© 1o 1o 100 100 00 100
Io 1o 1oo 100
1
00u CM CM CM CM CM CM CM i-H r-H r-H H CM CM r-H r-H i-H
4C
> •K CO l*H
r-H s s n CO UH aH CM
rCJ rC CO 0 0  CO cd CJ > H^ CM CO <r nd u rC r ds e e
3
P. P. tI •H P o ndcd cd < < co <i P P *T3 a © H H
A lle le s








mpi *  
P g d ^  * 
Pgdj8 
Pgdj 
P g d /  *
p g j /
Pgd2S
pgd 35  * 
E « l"  *
P g i?
R u ss ia  
G. so.j a
18 -0 .1 7
20 - 0.00
20 - 0.00
1 8 -0 .0 0
18 -0 .1 4
1 8 -0 .0 0
1 8 -0 .0 0
1 5 -0 .0 0
1 5 -0 .5 3
1 5 -0 .2 0
1 5 -0 .0 0
1 5 -0 .0 0
1 5 -0 .0 0
1 5 -0 .0 0
20 - 0 .00
20 - 0 .00
N.E.
G. max
3 2 -0 .2 8
2 7 -0 .0 4
2 7 -0 .0 0
3 2 -0 .2 2
3 2 -0 .1 2
3 2 -0 .0 0
3 2 -0 .0 0
3 2 -0 .0 0
3 2 -0 .2 3
3 2 -0 .0 0
3 2 -0 .0 0
3 2 -0 .0 0
3 2 -0 .0 0
3 2 -0 .0 0
3 2 -0 .0 0
3 2 -0 .0 0
China 
G. so.j a
13 -0 .1 7
1 3 -0 .0 0
1 3 -0 .0 0
13 -0 .31
1 3 -0 .1 9
1 3 -0 .0 0
13 -0 .2 3
12 - 0 . 0 0
12-0 .0 8
12 -0 .4 2
12 - 0 . 0 0
12 - 0 . 0 0
12 - 0 . 0 0
12 - 0 . 0 0
12 - 0 . 0 0
12 -0 .1 7
China 
G. max
3 2 -0 .0 6  
3 1 -0 .0 0  
3 1 -0 .0 0
3 3 -0 .1 2  
3 3 -0 .2 3  
3 3 -0 .0 0  
3 3 -0 .0 0  
3 3 -0 .0 0  
3 3 -0 .0 0  
3 3 -0 .0 0  
3 3 -0 .0 0  
3 3 -0 .0 0  
3 3 -0 .0 0  
3 3 -0 .0 0  
3 0 -0 .0 0  
3 0 -0 .0 0
G. max 
3 4 -0 .0 9
3 4 -0 .0 0
3 4 -0 .0 0
3 4 -0 .2 4
3 4 -0 .0 3
3 4 -0 .0 0
3 4 -0 .0 3
3 4 -0 .0 0
3 4 -0 .3 5
3 4 -0 .0 0
3 4 -0 .0 0
3 4 -0 .0 0
3 4 -0 .0 0
3 4 -0 .0 0
3 4 -0 .0 0
3 2 -0 .0 0
;a South  Jap an  N o rth  Jap an
G. so j a  G. max G. so.j a  G. max G. so.j a
5 6 -0 .0 8 2 6 -0 .1 0 1 5 -0 .0 7 2 6 -0 .0 8 8 -0 .1 3
6 7 -0 .2 6 2 6 -0 .0 0 1 4 -0 .0 0 2 6 -0 .0 0 1 3 -0 .0 0
6 7 -0 .0 2 2 6 -0 .0 0 1 4 -0 .0 0 2 6 -0 .0 0 1 3 -0 .0 0
5 4 -0 .3 1 2 6 -0 .3 5 14 -0 .4 3 2 6 -0 .6 2 8 - 0 . 0 0
5 4 -0 .0 1 2 6 -0 .0 4 14 -0 .07 2 6 -0 .0 0 8 -0 .1 3
5 4 -0 .0 3 2 6 -0 .0 0 1 4 -0 .0 0 2 6 -0 .0 0 8 - 0 . 0 0
5 4 -0 .0 2 2 6 -0 .1 9 14 -0 .1 4 2 6 -0 .1 2 8 - 0 . 0 0
5 5 -0 .0 4 2 6 -0 .0 0 1 4 -0 .0 0 2 6 -0 .0 0 8 - 0 . 0 0
55 -0 .1 7 2 6 -0 .6 9 14 -0 .2 7 2 6 -0 .5 4 8 -0 .6 2
5 5 -0 .0 5 2 6 -0 .0 0 1 4 -0 .0 0 2 6 -0 .0 0 8 -0 .1 3
5 5 -0 .0 4 2 6 -0 .0 0 1 4 -0 .0 0 2 6 -0 .0 0 8 - 0 . 0 0
5 5 -0 .0 6 2 6 -0 .0 0 1 4 -0 .0 0 2 6 -0 .0 0 8 - 0 . 0 0
5 5 -0 .0 2 2 6 -0 .0 0 1 4 -0 .0 0 2 6 -0 .0 0 8 - 0 . 0 0
5 5 -0 .0 0 2 6 -0 .0 0 14 -0 .07 2 6 -0 .0 0 8 - 0 . 0 0
6 4 -0 .0 2 2 2 - 0 . 0 0 1 4 -0 .0 0 2 2 - 0 . 0 0 1 1 - 0 . 0 0




R u ss ia N .E. C hina China Korea South Jap an N o rth  Jap an
A l le le s G. so .1 a G. max G. s o ja G. max G. max G. so j a G. max G. so j a G. max G. so i a
P g il* 2 0 - 0 . 0 0 3 2 -0 .0 0 1 2 - 0 . 0 0 3 0 -0 .0 0 3 2 -0 .0 3 6 4 -0 .0 2 2 2 - 0 . 0 0 1 4 -0 .0 0 2 2 - 0 . 0 0 1 1 - 0 . 0 0
2 0 -0 .6 3 3 2 -0 .3 1 13 -0 .3 1 3 3 -0 .3 8 3 4 -0 .5 0 6 2 -0 .0 7 2 6 -0 .5 4 14 -0 .0 7 2 6 -0 .5 4 11 -0 .1 8
Pgm2f 2 0 -0 .5 8 3 2 -0 .0 0 1 3 -0 .0 0 3 3 -0 .0 0 3 4 -0 .0 0 6 2 -0 .1 5 2 6 -0 .0 0 1 5 -0 .1 0 2 6 -0 .0 0 11 -0 .0 9
t o 4 2 0 - 0 . 0 0 3 2 -0 .0 6 1 3 -0 .0 0 3 3 -0 .0 0 3 4 -0 .0 0 4 7 -0 .0 0 2 6 -0 .0 0 1 5 -0 .0 0 2 7 -0 .0 0 1 1 -0 .0 5
The f i r s t  number in  th e  body o f  th e  t a b l e  r e p r e s e n t s  th e  number o f  c u l t i v a r s  o r  p la n t  in t r o d u c t io n s
t e s t e d ,  w h ile  th e  number fo llo w in g  th e  d ash  r e p r e s e n t s  th e  p a r t i c u l a r  a l l e l e  f re q u e n c y .
§ The m ost common a l l e l e  f o r  each  lo c u s  h as  n o t been  in c lu d e d  in  th e  t a b l e ,  i t s  f re q u e n c y  can  be 
d e te rm in e d  by s u b t r a c t in g  th e  sum o f  th e  a l l e l e s  l i s t e d  f o r  th e  p a r t i c u l a r  lo c u s  from  o n e .
* T hese a l l e l e  sym bols a r e  t e n t a t i v e ,  a s  th e y  r e p r e s e n t  a l l e l e s  w hich have o n ly  been  h y p o th e s iz e d  
n o t ones con firm ed  th ro u g h  in h e r i t a n c e  s tu d i e s .
** Only G. max p la n t  in t r o d u c t io n s  w ith  known o r i g i n s ,  o r  named c u l t i v a r s  d i r e c t l y  d e r iv e d  from  
p la n t  in t r o d u c t io n s  w ere u se d .
@ The la p 2  (LAP zymogram ty p e -4 )  v a r i a n t  was r e p o r te d  by Gorman e t  a l . , 1983, fre q u e n c y  d a ta  c o l l ­
e c te d  by Y.C. Chaing w i l l  be  r e p o r te d  by h e r .
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e f f e c t  i n  n a t u r a l  v s .  c u l t i v a t e d  c o n d i t io n s  would be  e x p e c te d  n o t 
o n ly  to  h av e  d i f f e r e n t  o v e r a l l  f r e q u e n c ie s ,  b u t  m ig h t a l s o  have 
d i f f e r e n t  d i s t r i b u t i o n s .  A l l e l e s  w ith  th e  same f i t n e s s  e f f e c t  
(o r  no f i t n e s s  e f f e c t )  i n  n a t u r a l  o r  c u l t i v a t e d  c o n d i t io n s  would 
be e x p e c te d  to  show th e  same g e o g ra p h ic  d i s t r i b u t i o n  in  £ .  max and 
G . s o j a , e x c lu d in g  d i f f e r e n t  m ig r a t io n a l  f o r c e s .  F ig u re s  17-22 
i l l u s t r a t e  th e  d i f f e r e n t  d i s t r i b u t i o n  p a t t e r n s  o f  a few  exam ple 
a l l e l e s .  F ig u re  17 shows th e  d i s t r i b u t i o n  o f  th e  Am  ^ a l l e l e .
T h is  a l l e l e  n o t  o n ly  d i f f e r e d  in  o v e r a l l  f r e q u e n c ie s  betw een  G_. max 
and G^. s o ja  (12% v s .  27%), b u t a l s o  in  d i s t r i b u t i o n  p a t t e r n .  In  G^. 
so.ja i t  was found  in  h ig h  f re q u e n c y  in  Jap an  and th e  s o u th e rn  p a r t  
o f  th e  K orean p e n in s u la ,  b u t  i t  was a b s e n t ( i n  th e  l im i t e d  sam ples 
t e s t e d )  from  th e  A s ia n  m a in la n d , w h ile  in  G_. max i t  had v e ry  low' 
f r e q u e n c ie s  in  Ja p a n  and  i t ' s  h ig h e s t  f re q u e n c y  was in  K orea and 
C h ina . T h is  d i s t r i b u t i o n  f o r  th e  Am^S a l l e l e  in  G_. max a g re e s  w ith  
t h a t  r e p o r te d  by Hymowitz and Kaizuma (1979 , 1981) in  l a r g e r  geo­
g ra p h ic  d i s t r i b u t i o n  s t u d i e s .  F ig u re  18 shows th e  d i s t r i b u t i o n  o f 
th e  Apa a l l e l e .  T h is  a l l e l e  was f a i r l y  common in  G_. s o ja  (45% ), 
w ith  th e  h ig h e s t  f re q u e n c y  in  R u s s ia  and J a p a n , w h ile  in  G_. max 
i t  was uncommon (9%) and  in  th e  sam p les t e s t e d  was o n ly  found  on 
th e  A s ia n  m a in la n d . F ig u re  19 shows th e  d i s t r i b u t i o n  o f  th e  I d h j S 
a l l e l e .  T h is  a l l e l e  was common in  G_. max (50%) and found in  a l l  
g e o g ra p h ic  r e g io n s ,  w h ile  i t  was r a r e  in  £ .  s o ja  ( 2 %) and o n ly  
o b se rv e d  in  s o u th e rn  J a p a n . F ig u re  20 shows th e  d i s t r i b u t i o n  o f  th e  
Idh^^  a l l e l e .  I n  C». max th e  a l l e l e  was found  in  a l l  a r e a s  w ith  
th e  g r e a t e s t  f re q u e n c y  in  c e n t r a l  C hina and th e  lo w e s t f re q u e n c y  in  
J a p a n . In  (S. s o ja  th e  I d l ^  a l l e l e  had i t ' s  h ig h e s t  f re q u e n c y  in
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F ig u re  1 7 . G eo g rap h ic  d i s t r i b u t i o n  o f  th e  Ara  ^ a l l e l e  in  G. max v s  
___________ G. s o ja .___________________________________________ ____________
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F ig u re  18. G eograph ic  d i s t r i b u t i o n  o f  th e  Ap a l l e l e  in  G 
G. s o ja .   ~
max vs
s o ja
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F igure 19. G eographic d is t r ib u t io n  o f  th e  Idh^s a l l e l e  in  (j . max vs  
G. so j a .
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F ig u re  20 . G eograph ic  d i s t r i b u t i o n  o f  th e  I d t^  a l l e l e  in  (1. max v s .  
_  G. s o ia .
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Ja p a n . F ig u re  21 shows th e  d i s t r i b u t i o n  o f  th e  Lap^ a l l e l e .  T h is  
a l l e l e  was r a r e  in  G_. max (1%) and o n ly  o b se rv e d  in  N.F.. C h in a , w h ile  
i t  had a  much h ig h e r  f re q u e n c y  (14%) in  . s o j a  and was 
o b se rv ed  o n ly  in  K orea . I t  i s  p a r t i c u l a r l y  d i f f i c u l t  to  e x p la in  
t h i s  ty p e  o f  d i s t r i b u t i o n  w ith  a  m odel w here o n ly  sam p lin g  and 
m ig r a t io n a l  f o r c e s  a r e  in  e f f e c t .  F ig u re  22 shows th e  d i s t r i b u t i o n  
o f  th e  P gm ^  a l l e l e .  I t  had a r e l a t i v e l y  c o n s ta n t  f re q u e n c y  in  a l l  
g e o g ra p h ic  a r e a s  in  jG. max, w h ile  in  (3. so .ja  i t  had a v a r i a b l e  
f re q u e n c y . More s tu d i e s  o f  th e  g e o g ra p h ic a l  d i s t r i b u t i o n  o f  a l l e l e s  
in  £ .  max and G . so .ja  a r e  needed  to  c o n f irm  th e  e x i s t e n c e  and 
f re q u e n c y  o f  th e s e  a p p a r e n t ly  non-random  d i f f e r e n c e s  betw een  a l l e l e  
d i s t r i b u t i o n s  in  G_. max and G^. so j a .
One d i f f e r e n c e  betw een  th e  g e o g ra p h ic  d i s t r i b u t i o n  o f  a l l e l e s  
in  G. max v s .  _G. so j a  was t h a t  a l l e l e s  w ere more w id e ly  d i s t r i b u t e d  
in  CJ. max th a n  in  G^ . s o j a . T h is  d i f f e r e n c e  was f a i r l y  d i s t i n c t  even 
w ith  th e  l i m i t e d  g e o g ra p h ic  d a ta  I  have c o l l e c t e d .  Only fo u r  a l l e l e s  
in  £ .  max w ere r e s t r i c t e d  to  a s in g l e  g e o g ra p h ic  a r e a ,  w h ile  16 
a l l e l e s  in  G_. so .ja  w ere r e s t r i c t e d  to  a s in g le  g e o g ra p h ic  a r e a  (T a b le s  
23 and 2 4 ) . The tw en ty  a l l e l e s  w ith  a  f re q u e n c y  o f  l e s s  th a n  50%, 
fotind in  b o th  s p e c ie s  w ere  o b se rv e d  to  be  p r e s e n t  in  an  a v e ra g e  
o f fo u r  g e o g ra p h ic  r e g io n s  in  G^ . max, b u t  o n ly  in  an a v e ra g e  o f  
th r e e  r e g io n s  in  (3. s o .ja . The w id e r d i s t r i b u t i o n  o f  a l l e l e s  in  
JS. max i s  n o t  u n e x p e c te d  c o n s id e r in g  th e  c o n t in u in g  l a r g e  s c a le  
d i s p e r s a l  o f  th e  s p e c ie s  by man.
G eograph ic  A rea w ith  th e  G r e a te s t  D iv e r s i t y
An im p o r ta n t c o n s id e r a t io n  in  s tu d y in g  c ro p  s p e c ie s  and t h e i r
/
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F ig u re  2 1 . G eograph ic  d i s t r i b u t i o n  o f  th e  L ap^s a l l e l e  in  CJ. max v s .  
G. s o ja .











F ig u re  22 . G eograph ic  d i s t r i b u t i o n  o f th e  Pgm^ a l l e l e  in  (3. max v s  
G. so j a .
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r e l a t i v e s  i s  th e  a r e a  h a v in g  th e  g r e a t e s t  g e n e t ic  d i v e r s i t y .  T h is  
in fo rm a tio n  may g iv e  e v id e n c e  c o n c e rn in g  th e  c e n te r  o f  c ro p  o r i g i n ,  
a s  V av ilo v  (1951) p o s tu la te d  t h a t  th e  r e g io n  o f  maximum d i v e r s i t y  
shou ld  a l s o  b e  th e  r e g io n  o f  o r i g i n .  E a r la n  (1971) r e p o r te d  t h a t  
th e  a r e a  o f  maximum d i v e r s i t y  i s  o f te n  n o t th e  a r e a  o f  o r i g i n  f o r  
c u l t i v a t e d  c ro p s .  N e v e r th e le s s ,  i t  i s  im p o r ta n t to  bnow th e  
a re a  o f  maximum d i v e r s i t y  in  s e a rc h in g  f o r  new germ plasm  s o u rc e s  
and p la n n in g  a p p r o p r i a t e  c o l l e c t i o n  s t r a t e g i e s .  In  T a b le s  23 and 
24 e s t im a te d  p a ra m e te r s  o f  g e n e t ic  d i v e r s i t y  f o r  each  g e o g ra p h ic  
a re a  a r e  com pared . The t o t a l  number o f  a l l e l e s  found  in  each  a re a  
was b ia s e d  by u n e q u a l sam ple s i z e ,  so t h a t  t h i s  p a ra m e te r  was n o t  
s t a t i s t i c a l l y  t e s t e d .  S t a t i s t i c s  co u ld  n o t be c a l c u la te d  f o r  
d i f f e r e n c e s  be tw een  th e  number o f  a l l e l e s  found o n ly  in  th e  a r e a ,  
no r on th e  number o f  uncommon and r a r e  a l l e l e s  h a v in g  t h e i r  h ig h ­
e s t  f re q u e n c y  in  th e  a r e a .  The v a lu e s  l i s t e d  f o r  th e s e  p a ra m e te rs  
a r e  n o t  m eans, b u t  in d iv id u a l  o b s e r v a t io n s .  They do p ro v id e  i n f o r ­
m a tio n  on d i v e r s i t y  t r e n d s .  A l l  p a i r s  o f  in d iv id u a l  t - t e s t  com­
p a r is o n s  betw een  d i f f e r e n t  g e o g ra p h ic  r e g io n s ,  u s in g  p a i r e d  o b s e r ­
v a t io n s ,  w ere c a l c u la t e d  f o r  th e  G_. max and £ .  so.ja t o t a l  po lym or­
phism  and a r c  s in e ,  tra n s fo rm e d  v a lu e s .  None o f  th e  
o b se rv ed  v a lu e s  f o r  d i f f e r e n t  g e o g ra p h ic  r e g io n s  in  jG. max was s t a ­
t i s t i c a l l y  s i g n i f i c a n t  a t  th e  5% l e v e l ,  i n d i c a t i n g  a f a i r l y  even 
d i s t r i b u t i o n  o f  g e n e t ic  d i v e r s i t y .  However, t h e r e  was a  s l i g h t ,  b u t  con­
s i s t e n t  t r e n d  show ing N .E . China a s  th e  c e n te r  o f  g e n e t ic  d i v e r s i t y  in  G_. m ax. 
N .E. C hina was found  to  have th e  h ig h e s t  v a lu e  f o r  a l l  p a ra m e te r s .
N .E. C hina h a s  been  h y p o th e s iz e d  a s  th e  c e n te r  o f  o r i g i n  f o r  c u l t ­
iv a te d  soybeans (Hym owitz, 1 9 7 0 ). In  G. s o ja  l a r g e r  d i f f e r e n c e s
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Table 23. Geographic Diversity in jG. max.
P aram e te r  A rea : NE C hina
C e n tr a l





Sample S iz e ;  i e .  
Ave. No. o f  P i ' s  
and C u lt .  T e s te d
30 32 33 24 25
Polym orphism  
(95% l e v e l )
31.1% 26.7% 28.9% 24.4% 2 2 . 2 %
T o ta l No. o f  A l le l e s  
Found in  th e  A rea
37 34 36 37 36
No. o f  A l l e l e s  Found 
Only in  A rea /S am ple  S iz e 0 .0 7 0 0 .0 3 0 .0 4 0
*
No. o f  Uncommon o r  R are 
A l le le s  H aving T h e ir  H igh­
e s t  F re q . i n  th e  A rea
5 1 3 3 2
He X 100 C a lc u la te d  f o r  
A ll  L o c i
1 0 . 8 8 . 0 9 .7 9 .8 7 .3
No s i g n i f i c a n t  t - t e s t  d i f f e r e n c e s  in  e i t h e r  polym orphism  o r  He was fo u n d ,
a t  th e  5% l e v e l ,  f o r  any  p a i r e d  co m p ariso n .
* Uncommon a l l e l e s  w ere d e f in e d  a s  h a v in g  a  f re q u e n c y  betw een  0 .0 5  and
0 .2 ,  w h ile  r a r e  a l l e l e s  had a  f re q u e n c y  o f  l e s s  th a n  0 .0 5 .
/
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Table 24. Geographic Diversity in £. soja.





Sample S iz e ;  i e .  
A verage Number o f  
P i ' s  T e s te d
18 1 2 58 15 1 0
Polym orphism  











T o ta l  No. o f  A l l e l e s  
Found in  th e  A rea 30 46 53 40 36
No. o f  A l l e l e s  found  
Only in  A rea /S am ple  s i z e 0 0 0 . 2 2 0 .1 3 0 . 1 0
■k
No. o f  Uncommon' o r  R are 
A l le le s  H aving T h e ir  H igh­
e s t  F re q . in  th e  A rea
2 6 14 4 1
H X 100 C a lc u la te d  f o r  0
A ll  L o c i.
5 .7
c
1 0 . 0
b






The a , b , c  u n d e r  th e  po lym orph ism  and He v a l u e s ,  r e p r e s e n t  s ig n i f i c a n c e  
c l a s s e s .  They w ere  b a se d  on a l l  c o m b in a tio n s  o f  t - t e s t s ,  u s in g  p a i r e d  
o b s e rv a t io n s  o f  a r c  s i n e ,  sq u a re  r o o t  t r a n s fo rm e d  d a t a .  Means w ith  a  
d i f f e r e n t  l e t t e r  w ere  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l .
* Uncommon a l l e l e s  w ere  d e f in e d  a s  h a v in g  a  f re q u e n c y  betw een  0 .0 5  and 
.2 ,  w h ile  r a r e  a l l e l e s  had a  f re q u e n c y  o f  l e s s  th a n  0 .0 5 .
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betw een r e g io n s  w ere o b se rv e d  f o r  a l l  p a r a m e te r s ,  w ith  many co m p ari­
sons s t a t i s t i c a l l y  s i g n i f i c a n t  (T a b le  2 4 ) .  W hile  n o t  a l l  i n d i v id u a l  
com parisons w ere s i g n i f i c a n t ,  th e  germ plasm  c o l l e c t e d  in  K orea was 
found to  h ave  th e  h ig h e s t  v a lu e  f o r  a l l  p a ra m e te rs  in c lu d in g  a  s i g n i ­
f i c a n t l y  h ig h e r  H£ v a lu e  th a n  t h a t  o b ta in e d  from  N .E . C h in a . The 
h ig h e r  v a lu e s  o f  d i v e r s i t y  o b ta in e d  f o r  a l l  p a ra m e te rs  in  K o rea , can  
n o t be e x p la in e d  by th e  l a r g e r  sam ple s i z e  f o r  K o rea , a s  m ost o f  th e  
p a ra m e te rs  a r e  e x p re s s e d  a s  f r e q u e n c ie s .  K orea r e p r e s e n te d  th e  
s m a l le s t  g e o g ra p h ic a l  a r e a  t e s t e d ,  e s p e c i a l l y  s in c e  a l l  G^ . so .ja  P i ' s  
o r ig in a te d  from  s o u th  K orea (F ig u re  1 ) .  I f  more s tu d ie s  c o n f irm  
K orea a s  th e  r e g io n  o f  maximum d i v e r s i t y  f o r  C?. so .ja , t h i s  w i l l  b e  
a s i g n i f i c a n t  f in d i n g .  I t  w ould i n d i c a t e  t h a t  c u l t i v a t e d  so ybeans 
l i k e l y  o r ig i n a t e d  from  an  a r e a  w hich  was n o t  t h e  c e n te r  o f  d i v e r s i t y  
f o r  t h e i r  w ild  p r o g e n i to r .  T h is  c o u ld  mean t h a t  th e  K orean (J. so j a  
germ plasm  i s  r i c h  w ith  p o t e n t i a l l y  v a lu a b le  n o v e l g e n o ty p e s .
C u l t iv a r  F in g e r p r in t in g  
Isozym e a n a l y s i s  o f  soybean  c u l t i v a r s  may p ro v id e  a  means f o r  
i d e n t i f i c a t i o n  o r  " f i n g e r p r i n t i n g " .  W ith h u n d red s  o f  named c u l t i v a r s  
and th o u sa n d s  o f  p l a n t  in t r o d u c t i o n s  d i s c r e t e  seed  m a rk e rs  a r e  
needed f o r  c u l t i v a r  i d e n t i f i c a t i o n ,  c e r t i f i c a t i o n ,  and p a t e n t  p r o te c ­
t i o n  p ro g ram s, a s  w e l l  a s  f o r  seed  l o t  p u r i t y  t e s t i n g .  M o rp h o lo g ic a l 
seed  m ark e rs  in  so y b ean s  a r e  in a d e q u a te  f o r  co m p le te  i d e n t i f i c a t i o n .  
N o n -s p e c if ic  p r o t e i n s  s e p a r a te d  by d i s c  e l e c t r o p h o r e s i s  h ave  a llo w e d  
c l a s s i f i c a t i o n  o n ly  i n t o  b ro ad  c a t e g o r i e s  (O rf e t  a i l . ,  1980) . Seed 
isozym es a r e  more u s e f u l  f o r  s e p a r a t i o n .  W ith 12 enzyme sy s te m s , 
i t  i s  p o s s i b le  to  c o m p le te ly  i d e n t i f y  168 o f  253 named c u l t i v a r s  in  
th e  n o r th e r n  m a tu r i ty  g roup  (K iang and Gorman, 1983: Gorman e t  a l .
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1982b; A ppendix  I ) .  The n eed  f o r  te c h n iq u e s  to  f i n g e r p r i n t  l i n e s  
i s  m ost c r i t i c a l  in  t h e  l a r g e r  n o r th e r n  m a tu r i ty  g ro u p . Even s i b -  
l i n e s  w ith  i d e n t i c a l  p a r e n t s ,  su c tu  a s  "B avender S p e c ia l  A, B and  C" 
w ere a b le  to  b e  s e p a r a te d .  Those c u l t i v a r s  w hich  c o u ld  n o t  be 
i d e n t i f i e d  co u ld  be  g rouped  in t o  s m a ll c l a s s e s ,  and m ost o f  th e  
in d iv id u a l  c u l t i v a r s  w i th in  th e s e  s m a ll  c l a s s e s  c o u ld  be  i d e n t i ­
f i e d  w ith  th e  a d d i t io n  o f  s ta n d a rd  seed  m o rp h o lo g ic a l c h a r a c t e r s .
The s la b  g e l  p o ly a c ry la m id e  e l e c t r o p h o r e s i s  sy stem  we u se  h as  
a  number o f  a d v a n ta g e s  f o r  t h i s  ty p e  o f  w ork: 1 ) i t  i s  s im p le  to  
o p e r a te ,  2 ) i t s  c o s t  i s  low  r e l a t i v e  to  m ore e l a b o r a te  e l e c t r o p h o r ­
e t i c  sy s te m s , 3) num erous enzym es can  b e  exam ined p e r  g e l ,  5) o n ly  
a  sm a ll p ie c e  o f  d r ie d  seed  i s  needed  w ith  th e  r e s t  o f  th e  seed  
c a p a b le  o f  no rm al g e rm in a t io n ,  and 6 ) i n c r e a s in g ly  a c c u r a te  c l a s s i ­
f i c a t i o n s  can  be  made by ad d in g  m ore enzymes sy s te m s , o r  by u s in g  
more p o ly m o rp h ic  sy s te m s . Some s in g l e  enzym es sy s te m s , such  a s  
IDH and D ia  a r e  h ig h ly  p o ly m o rp h ic  in  c u l t i v a t e d  soyb ean s and by 
th e m se lv e s  a r e  more a c c u r a te  t o o l s  f o r  c u l t i v a r  f i n g e r p r i n t i n g  
th a n  m o rp h o lo g ic a l m a rk e rs  o r  s ta n d a rd  n o n - s p e c i f i c  p r o t e i n  s t a i n i n g  
te c h n iq u e s ,  su ch  a s  a d v o c a te d  by O rf et_ al_. (1 9 8 0 ) . H owever, no 
s in g le  enzyme sy stem  in  so y b ean s i s  p o ly m o rp h ic  enough to  be  u sed  
by i t s e l f  f o r  co m p le te  c u l t i v a r  f i n g e r p r i n t i n g .  I n s te a d  a  m u l t ip l e  
enzyme sy stem  m ust be u s e d . T h is  r a i s e s  th e  q u e s t io n  o f  c o s t  e f f e c t ­
iv e n e s s .  W hile  I  b e l i e v e  th e  t h i c k  s la b  g e l  sy stem  we em ploy i s  
th e  mcsc c o s t  e f f e c t i v e  o f  e l e c t r o p h o r e t i c  te c h n iq u e s ,  t h e r e  a r e  no 
d a ta  to  i n d i c a t e  w h e th e r  th e  te c h n iq u e  i s  c o m m erc ia lly  p r a c t i c a l .
IV. DISCUSSION AND CONCLUSION
The m ain p u rp o se  o f  t h i s  d i s s e r t a t i o n  was to  e s t im a te  and com pare 
th e  g e n e t ic  v a r i a t i o n  o f  c u l t i v a t e d  so ybeans and t h e i r  w ild  p ro g e n ­
i t o r ,  u s in g  e l e c t r o p h o r e s i s .  W hile  t h i s  o b j e c t iv e  d o es  n o t  have  
f i n i t e  te r m in a t io n  p o in t ,  I  f e e l  s u f f i c i e n t  d a ta  h av e  been  c o l l e c t e d  
to  e n a b le  me to  draw  some r e a s o n a b le  c o n c lu s io n s .  T a b le  25 sum m arizes 
th e  d i f f e r e n c e  be tw een  th e  e s t im a t io n s  o f  d i v e r s i t y  p a ra m e te r s  in  
(3. max v s .  G^ . s o j a . A l l  m e asu re s  o f  d i v e r s i t y  w ere found to  be 
h ig h e r  (m ost s t a t i s t i c a l l y  s i g n i f i c a n t )  in  G_. so j a , d e s p i t e  a  s m a l le r  
and m ore r e s t r i c t i v e  (g e o g r a p h ic a l ly )  sam p lin g  o f  th e  G_. s o j a germ­
p la sm . C le a r ly ,  (3. so j a  c o n ta in s  a d d i t i o n a l  n o v e l  g e n e t ic  v a r i a t i o n  
n o t  found  in  (3. max. T h is  was n o t  a  t o t a l l y  u n e x p e c te d  f in d in g ,  
and a p p e a rs  to  fo l lo w  th e  p a t t e r n  o f  w hat w ould b e  e x p e c te d  betw een  
a  p r o g e n i to r  s p e c ie s  and i t s  d e r i v a t i v e  s p e c ie s  ( G o t t l i e b ,  1973; 
G o t t l i e b  and W eeden, 1 9 7 9 ). N ovel g e n e t ic  v a r i a t i o n  h a s  f r e q u e n t ly  
been  found  in  th e  w ild  p r o g e n i to r s  o f  c ro p  s p e c ie s  (Brown, 1 9 7 8 ). 
N e v e r th e le s s ,  I  b e l i e v e  th e  d a ta  p ro v id e  a  q u a n t i f i c a t i o n  o f  th e  
e x te n t  o f  n o v e l d i v e r s i t y  in  (3. s o j a . The d e g re e  o f  n o v e l g e n e t ic  
v a r i a t i o n  u s e f u l  f o r  b re e d in g  c o n ta in e d  in  G_. s o ja  i s  unknown, 
b u t  I  b e l i e v e  t h a t  a l l  a d d i t i o n a l  d i v e r s i t y  h a s  p o t e n t i a l  v a lu e ,  and 
sh o u ld  b e  c a r e f u l l y  p r e s e r v e d .
A m ore p r a c t i c a l  q u e s t io n  i s  w h e th e r o r  n o t  a  g e n e ra l  la c k  o f  
g e n e t ic  d i v e r s i t y  in  (3. max e x i s t s ,  and h a s  been  r e s p o n s ib le  f o r  th e  
r e l a t i v e l y  slow  p ro g re s s  in  im provem ent made w ith  so y b e a n s . I f  t h i s
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Table 25, Summary of parameters of genetic diversity in £. max and
G_. so j a.
E s tim a te d  P a ra m e te rs G_. max G. s o ja S i  g,
Polym orphism  (99% l e v e l ) 34% 47% *
T o ta l  Number o f  A l l e l e s  O bserved 6 8 81 **
Number o f  U nique A l l e l e s 2 15 **
A verage Number o f  A l l e l e s  P e r  Locus 1 .51 1 .8 0 **
O bserved  H e te ro z y g o s i ty  (A verage) 0 . 1 1 % 1 . 0 0 % **
E s tim a te d  H e te ro z y g o s i ty  x 100 (A ll L o c i) 10 .3 1 2 . 1
A l l e l e  D i s t r i b u t i o n  Tendency W idespread L o c a liz e d
A rea W ith th e  Most G e n e tic  D iv e r s i t y N .E . China K orea
* S i g n i f i c a n t  d i f f e r e n c e  betw een  G. max and G. s o ja  a t  th e  .05  l e v e l ,  
u s in g  th e  S tu d e n t 's  t - t e s t  w ith  p a i r e d  o b s e r v a t io n s .
** S ig n i f i c a n t  d i f f e r e n c e  betw een  G. max and G. s o ja  a t  th e  .01 l e v e l ,  
u s in g  th e  S tu d e n t 's  t - t e s t  w ith  p a i r e d  o b s e r v a t io n s .
I
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i s  th e  c a s e  any a d d i t i o n a l  d i v e r s i t y  found  in  (3. so .ja  may be a welcome 
f in d i n g .  I  do n o t  f e e l  t h a t  t h i s  q u e s t io n  can  be d e f i n i t i v e l y  answ ered  
a t  t h i s  t im e . However, i t  a p p e a rs  t h a t  th e  l e v e l  o f  isozym e g e n e t ic  
d i v e r s i t y  m easured  in  G_. max (a s  a  w hole) i s  a t  l e a s t  a v e ra g e  o r  even 
above th e  a v e ra g e  found  f o r  o th e r  s e l f - p o l l i n a t i n g  p l a n t s .  A y a la  (1982) 
com p iled  th e  t o t a l  po lym orphism  and h e te r o z y g o s i ty  l e v e l s  o b se rv e d  
f o r  isozym e l o c i  in  1 2  s e l f - p o l l i n a t i n g  p l a n t  s p e c ie s  (an  a v e ra g e  o f  
15 l o c i / s p e c i e s  w ere  s t u d i e d ) .  An a v e ra g e  polym orphism  l e v e l  o f  23.1% 
and an o b se rv e d  h e te r o z y g o s i ty  l e v e l  (a v e ra g e )  o f  3.3% was fo u n d . The 
e s t im a te d  v a lu e s  o f  polym orphism  f o r  so y b ean s was a lm o s t e x a c t ly  a t  t h i s  
a v e ra g e  (23% ), w h ile  th e  o b se rv e d  h e t e r o z y g o s i ty  was much lo w er (0 .1 1 % ). 
S in c e  th e  12 s p e c ie s  com p iled  by A yala  w ere a l l  w ild  s p e c ie s ,  th e y  
do n o t make th e  m ost in fo rm a t iv e  co m p ariso n s  w ith  (3. max, b u t th e y  do 
in d i c a t e  t h a t  G_. s o ja  h a s  above a v e ra g e  d i v e r s i t y  (33% polym orphism ) .
A m ore v a lu a b le  com p ariso n  i s  to  com pare e s t im a te d  l e v e l s  o f  
isozym e d i v e r s i t y  i n  c u l t i v a t e d  and w ild  so y b ean s w ith  th o s e  o b ta in e d  
by s im i l a r  m ethods from  o th e r  in b re e d in g  c ro p  s p e c ie s  and t h e i r  w ild  
p r o g e n i to r s .  Brown (1978 , 1979) h a s  rev ie w e d  th e  isozym e d a ta  c o l l e c t e d  
from  c u l t i v a t e d  p l a n t s  and t h e i r  w ild  p r o g e n i t o r s .  T h ree  in b re e d in g  
c ro p s  w ere  in c lu d e d ;  b a r l e y ,  tom ato  and r i c e .  T a b le  26 shows th e  
d a ta  Brown com piled  f o r  th e s e  t h r e e  s p e c ie s  a s  com pared w ith  t h a t  
o b ta in e d  from  (3. max and Q .  so j a . As s t a t e d  p r e v io u s ly ,  i t  a p p e a rs  
t h a t  G . max and £ .  s o ja  fo l lo w  a  t y p i c a l  p a t t e r n ,  t h a t  th e  w ild  
p r o g e n i to r  c o n ta in s  many n o v e l gene fo rm s n o t found  in  th e  c u l t i v a t e d  
s p e c ie s ,  a s  w e l l  a s  in c re a s e d  l e v e l s  o f  d i v e r s i t y  i n  g e n e r a l .  How­
e v e r ,  G^ . max and G_. s o ja  a p p e a r  to  b e  more c l o s e l y  r e l a t e d ,  a s  th e y
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s h a re d  a  g r e a t e r  p r o p o r t io n  o f  a l l e l e s .  T h is  may be  p a r t l y  b e c a u se  
my s tu d y  sam pled a  l a r g e r  p r o p o r t io n  o f  b o th  th e  c u l t i v a t e d  and w ild  
germ plasm  and more enzyme ty p e s  th a n  th o s e  s tu d ie s  rev iew ed  by Brown 
(T a b le  26) . In  co m p ariso n  w ith  w ild  and c u l t i v a t e d  b a r l e y ,  G_. max 
was found to  h ave  h ig h e r  e s t im a te d  p a ra m e te rs  o f  g e n e t ic  d i v e r s i t y .
More co m p ariso n s  l i k e  t h i s  one a r e  n eed ed  b e f o r e  d e f i n i t i v e  an sw ers  
can  b e  re a c h e d  a b o u t w h e th e r  o r  n o t  th e  soybean  germ plasm  h a s  a 
r e l a t i v e  la c k  o f  g e n e t ic  v a r i a t i o n .  A new re v ie w  co m p ilin g  th e  
a v a i l a b l e  d a ta  r e l a t i v e  to  t h i s  q u e s t io n  i s  n eeded  (a  re v ie w ; Isozym es 
in  P la n t  G e n e tic s  and B re e d in g , E d i te d  by S .D . T an k s ly  and T . J .  O rto n  
i s  in  p r e s s ) .
In  b e g in n in g  t h i s  i n v e s t i g a t i o n  I  s u s p e c te d  t h a t  th e  s low  b re e d ­
in g  p ro g re s s  in  so y b ean s r e s u l t e d  from  so y b ean s la c k in g  g e n e t ic  d iv e r ­
s i t y ,  and t h a t  th e  w ild  soybean  germ plasm  m ig h t p r o v id e  a  means "of 
en h an c in g  th e  soybean  b re e d in g  p r o c e s s .  C e r t a in ly ,  £ .  so .ja  m ig h t 
p ro v id e  a  means o f  e n r ic h in g  g e n e t ic  v a r i a t i o n  in  th e  soybean  germ plasm  
f o r  b r e e d in g ,  a s  my d a ta  c l e a r l y  d e m o n s tra te s  u n ta p p ed  g e n e t ic  d i v e r s i t y  
in  G_. s o j a . H owever, i t  a p p e a rs  from  th e  d a t a ,  t h a t  th e r e  i s  n o t  a  
la c k  o f  d i v e r s i t y  in  G_. max a s  a  w h o le . L u ed d ers  (1979) c o n c lu d ed  t h a t  
t h e r e  was s t i l l  c o n s id e r a b le  g e n e t ic  d i v e r s i t y  in  q u a n t i t a t i v e  t r a i t s  
( i,e . y i e ld )  in  (3. max. S t i l l ,  my i n i t i a l  s u s p ic io n  may n o t  have  
been  t o t a l l y  in  e r r o r ,  a s  i t  a p p e a rs  t h a t  in  th e  soybean  b re e d in g  
p ro c e s s  o n ly  a  f r a c t i o n  o f  th e  a v a i l a b l e  G^. max germ plasm  i s  a c t u a l l y  
u se d . In  1970, R .L . B ern a rd  ( th e  USDA soybean  germ plasm  c u r a t o r )  
e s t im a te d  t h a t  95% o f  th e  co m m e rc ia lly  grown soybean  c u l t i v a r s  in  
th e  U .S . had t h e i r  m a te rn a l  p a r e n ta g e  from  j u s t  sev en  p la n t  i n t r o ­
d u c t io n s  (L u e d d e rs , 1 9 7 9 ). C u l t iv a r  p e d ig re e  r e c o r d s  (Hymowitz e t  a l . ,  1977)
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have in d i c a te d  t h a t  a lm o s t a l l  o f  th e  new c u l t i v a r s  r e l e a s e d  have 
u t i l i z e d  e x i s t i n g  c u l t i v a r s  a s  t h e i r  p a r e n t a l  s o u rc e .  D iv e r s i t y  
w i th in  t h i s  " u t i l i z e d  germ plasm " i s  c e r t a i n l y  lo w er th a n  w i th in  th e  
G_. max germ plasm  a s  a  w h o le . T hus, th e  p o s s i b i l i t y  e x i s t s  t h a t  
b re e d in g  p ro g re s s  h a s  b een  slow  n o t  b e c a u se  o f  a  g e n e ra l  la c k  o f  
d i v e r s i t y ,  b u t  b e c a u se  t h e  a v a i l a b l e  d i v e r s i t y  h a s  n o t  been  f u l l y
e x p l o i t e d .  However, t h e r e  i s  no d a ta  w ith  w hich  to  s p e c i f i c a l l y  a d d re s s  
t h i s  q u e s t io n .  One o b s e r v a t io n  from  my d a t a ,  r e l a t i v e  to  th e
d i v e r s i t y  n eeded  f o r  b r e e d in g ,  was t h a t  w i th in  l i n e  ( o r  c u l t i v a r )
d i v e r s i t y  i n  so y b ean s  was a lm o s t n i l .  C le a r ly ,  l i t t l e  p r o g r e s s  can
be e x p e c te d  in  t r y i n g  to  im prove e x i s t i n g  c u l t i v a r s  w ith o u t d o in g
h y b r i d i z a t i o n s .
An u n e x p e c te d  f in d in g  o f  some s ig n i f i c a n c e  was t h a t  th e  
a p p a re n t  g e o g ra p h ic a l  c e n t e r s  o f  d i v e r s i t y  w ere d i f f e r e n t  f o r  G_. max 
and £ .  s o .ja . D iv e r s i t y  i n  £ .  max was f a i r l y  e v e n ly  d i s t r i b u t e d  
(p ro b a b ly  b e c a u se  o f  th e  l a r g e  m ig r a t io n a l  f o r c e s  im posed by  man 
in  c u l t i v a t i o n ) , w i th  th e  h ig h e s t  o b se rv e d  d i v e r s i t y  i n  n o r th e a s t  
C h ina . T h is  o b s e r v a t io n  a g re e d  w ith  th e  h y p o th e s iz e d  o r i g i n  o f  G_. 
max in  n o r th e a s t  C hina (P ro b s t  and Ju d d , 1973; Hym ow itz, 1 9 7 0 ). 
D iv e r s i ty  in  G^. s o j a  was n o t  e q u a l ly  d i s t r i b u t e d ,  w ith  S . K orea h a v in g  
h ig h e r  l e v e l s  o f  d i v e r s i t y  th a n  th e  o th e r  a r e a s .  T h is  o b s e r v a t io n  
s u g g e s ts  t h a t  germ plasm  c o l l e c t o r s  sh o u ld  m axim ize t h e i r  e f f o r t s  
i n  K o rea , p a r t i c u l a r l y  i n  t r y i n g  to  o b ta in  G_. s o ja  a c c e s s io n s  from  
N o rth  K orea .
In  th e  p ro c e s s  o f  e s t im a t in g  g e n e t ic  d i v e r s i t y  by e l e c t r o p h o r e s i s  
in  c u l t i v a t e d  and w ild  so y b e a n s , c o n s id e r a b le  in fo rm a tio n  h a s  been  
c o l l e c t e d  r e l a t i v e  to  th e  q u a l i t a t i v e  g e n e t ic s  o f  so y b e a n s . Twenty
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two l o c i ,  w ith  known gene p r o d u c ts ,  have  been  co n firm ed  th ro u g h  i n ­
h e r i t a n c e  s tu d i e s  o f  v a r i a n t  a l l e l e s ,  and a p p ro x im a te ly  23 a d d i t i o n a l  
l o c i  h ave  b een  h y p o th e s iz e d .  T hese  l o c i  may be o f  g r e a t  v a lu e  in  
v a r io u s  s tu d i e s  d e a l in g  w ith  soybean  b r e e d in g ,  g e n e t ic s  and e v o lu t io n .
As m ino r o b j e c t iv e s  f o r  t h i s  d i s s e r t a t i o n  I  h av e  i n v e s t i g a t e d  th e  
u se  o f  th e s e  l o c i  a s  m a rk e rs  f o r  g e n e t ic  l in k a g e  s t u d i e s , and f o r  
c u l t i v a r  f i n g e r p r i n t i n g .  The r e s u l t s  s e c t i o n  c o n ta in s  th e  d a ta  
o b ta in e d  r e l a t i v e  to  th e s e  o b j e c t i v e s .  I  f e e l  t h a t  th e s e  d a ta  s u g g e s t 
t h a t  th e  e l e c t r o p h o r e t i c  te c h n iq u e  em ployed and th e  m ark e r l o c i  i t  
h as  i d e n t i f i e d ,  w i l l  b e  v e ry  u s e f u l  f o r  th e s e  two p u rp o s e s .  T h ree  
c o n c lu s iv e  l in k a g e  r e l a t i o n s h i p s ,  and s ix  p o s s i b l e  r e l a t i o n s h i p s  w ere 
o b s e rv e d . T h is  a lo n e  r e p r e s e n t s  a  s u b s t a n t i a l  c o n t r i b u t i o n  to  th e  
v e ry  l i m i t e d  l in k a g e  map o f  so y b e a n s , how ever, s in c e  th e  
e l e c t r o p h o r e t i c  p ro c e d u re  em ployed i s  n o n - d e s t r u c t iv e ,  f a r  g r e a t e r  
c o n t r i b u t i o n s  can  b e  made in  th e  f u tu r e  by c o u p lin g  e l e c t r o p h o r e t i c  
a n a l y s i s  o f  s e e d s  w i th  s tu d ie s  o f  t r a i t s  e x p re s s e d  in  w hole p l a n t s  
d e r iv e d  from  th e  same s e e d s  (D ev ine et_ a l . , 1 9 8 3 ) . The u s e  o f  o n ly  
a  s m a ll p ie c e  o f  d ry  se e d  i s  a l s o  w hat makes t h i s  p a r t i c u l a r  e l e c t r o ­
p h o r e t i c  te c h n iq u e  v a lu a b le  f o r  c u l t i v a r  f i n g e r p r i n t i n g  ( a s  w e l l  a s  
f o r  se e d  l o t  p u r i t y  t e s t i n g ) . T h is  i s  b e c a u s e ,  g e n e r a l ly  o n ly  
se e d  e x p re s s e d  t r a i t s  a r e  o f  v a lu e  f o r  t h i s  p u rp o s e .
An a d d i t i o n a l  a r e a  t h a t  I  f e e l  my e l e c t r o p h o r e t i c  d a ta  p e r t a i n s  
t o ,  i s  th e  q u e s t io n  o f  t h e  p o s s i b l e  p o ly p lo id y  o f  th e  G ly c in e  g e n u s .
G ly c in e  max and G_. s o ja  b o th  h ave  40 chrom osom es (a s  do m ost o th e r  members 
o f  th e  g e n u s ) , w h ile  many members o f  t h e i r  su b fa m ily  (P a p i l io n o id e a e )  
have o n ly  19-20 chromosom es (Hymowitz, 1 9 7 0 ). T hus, so y b ean s  a r e  c a n d id a te s  
f o r  b e in g  p o ly p lo id s .  H ow ever, v i r t u a l l y  a l l  i n h e r i t a n c e  s tu d ie s
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on p h y s io lo g ic a l  o r  m o rp h o lo g ic a l t r a i t s  i n  so y b ean s showed n o rm al 
d ip l o id  i n h e r i t a n c e  p a t t e r n s  and soybean  chromosom es a l l  p a i r  in t o  
b i v a l e n t s  (C a ld w e ll ,  1 9 7 3 ) . T hus, so y b ean s a r e  g e n e r a l ly  c o n s id e re d  
a s  d i p l o i d s .  W ith  e l e c t r o p h o r e s i s ,  th e  i n h e r i t a n c e  p a t t e r n s  o f  gene 
p ro d u c ts  a r e  d i r e c t l y  o b se rv e d  and a  more p r e c i s e  lo o k  a t  gene i n t ­
e r a c t io n s  o r  r e l a t i o n s h i p s  can  be made. T a b le  27 shows th e  e x p e c te d  
e f f e c t s  o f  becom ing a  t e t r a p l o i d  on iso zy m es . The d a ta  I  c o l l e c ­
te d  s u p p o r ts  th e  id e a  t h a t  so y b ean s  a r e  a n c ie n t  t e t r a p l o i d s  w e l l  
a lo n g  in  th e  p ro c e s s  o f  d i p l o i d i z a t i o n ,  s in c e  th e r e  i s  e v id e n c e  f o r  a l l  
o f  th e s e  e x p e c te d  e f f e c t s .
E x p e c ta t io n s  Al and B1 (T a b le  27) w ere  o b s e rv e d ,a s  s i x  p a i r s  
o u t o f  th e  a p p ro x im a te ly  44 l o c i  s c re e n e d  w ere g e n e t i c a l l y  demon­
s t r a t e d  a s  i n t e r a c t i n g  w i th  one a n o th e r  to  form  i n t e r - l o c u s  
p o ly m e rs . S ix  a d d i t i o n a l  p a i r s  o f  l o c i  w ere h y p o th e s iz e d  a s  d o in g  
th e  sam e. The i n t e r a c t i o n  o f  th e  p ro d u c ts  o f  two l o c i  to  form  
i n t e r l o c u s  po lym ers i s  c o n s id e re d  e v id e n c e  t h a t  th e  two l o c i  a r e  
r e l a t e d  ( G o t t l i e b ,  1 9 8 2 ) . T hus, t h e r e  was e v id e n c e  t h a t  24 o u t o f  
th e  44 l o c i  s tu d ie d  w ere r e l a t e d  (12 p a i r s  o f  a n c ie n t  d u p l i c a t e s ) ,  
w ith  17 o f  th e  o th e r  l o c i  co d in g  f o r  m onom eric enzymes w h ich  a r e  
in c a p a b le  o f  fo rm in g  i n t e r l o c u s  p o ly m e rs .
E x p e c ta t io n  A2, h a v in g  s in g l e  bands coded f o r  by two l o c i  w ould 
be an im m ediate  e f f e c t  o f  a d o u b lin g ,  and t h e i r  f re q u e n c y  w ould be  
e x p e c te d  to  d e c re a s e  w ith  t im e ,  a s  th e  two l o c i  d iv e rg e .  I f  soyb ean s 
a r e  a n c ie n t  t e t r a p l o i d s ,  th e y  w ould be  e x p e c te d  to  o n ly  h av e  a  few 
rem nan t exam ples o f  t h i s  p a r t i c u l a r  e f f e c t  o f  d o u b lin g  on iso zy m es .
Two exam ples o f  s i n g l e  b an d s  coded f o r  by two l o c i  w ere o b se rv e d ;
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T ab le  27 . The e x p e c te d  E f f e c t  o f  Becoming a T e t r a p lo id  (A lio  o r  A uto) 
on Iso zy m es.
A .) The im m ediate  e f f e c t  w i l l  be  a  d o u b lin g  o f  a l l  isozym e l o c i  in
a u t o t e t r a p l o i d s  and a  d o u b lin g  o f  a l l  e s s e n t i a l  isozym e l o c i  in
a l l o t e t r a p l o i d s .
1 .)  E l e c t r o p h o r e t i c a l l y  h e te ro z y g o u s  l o c i  when dou b led  can  r e s u l t  
in  two g e n e t i c a l l y  d i f f e r e n t  e l e c t r o p h o r e t i c  bands f o r  mono­
m e ric  enzym es, b u t  m u l t ip le  bands f o r  p o ly m e ric  enzym es, 
s in c e  th e  gene c o p ie s  w i l l  i n t e r a c t  w ith  one a n o th e r  to  form  
i n t e r l o c u s  p o ly m e rs . The i n t e r - l o c u s  p o lym ers  form ed w i l l
be f ix e d  and n o t j u s t  seen  in  h e te ro z y g o te s  a s  i n t r a - l o c u s  
p o ly m ers  a r e .
2 . )  E l e c t r o p h o r e t i c a l l y  homozygous l o c i  when dou b led  can  r e s u l t  
in  a  s i n g l e  e l e c t r o p h o r e t i c  band p ro d u ced  by two l o c i .
3 . )  Isozym es l o c a l i z e d  w i th in  d i f f e r e n t  s p e c i f i c  s u b c e l l u l a r  
a c t i v i t y  s i t e s  h av e  ev o lv e d  u n iq u e  f u n c t io n s  in  p l a n t s  
( G o t t l i e b ,  1 9 8 2 ) , t h e r e f o r e  th e r e  sh o u ld  be a t  l e a s t  two 
l o c i  co d in g  f o r  th e  isozym es found  in  each  s u b c e l l u la r  
c l a s s  im m e d ia te ly  a f t e r  a  d o u b lin g  even  in  a l l o t e t r a p l o i d s .
B .) W ith tim e  ( th e  c a s e  w ith  so y b ean s) th e  gene c o p ie s  sh o u ld  d iv e rg e .
1 .)  D iv e rg in g  l o c i  d i f f e r i n g  in  e l e c t r o p h o r e t i c  m o b i l i ty  can  
e s t a b l i s h  new f ix e d  i n t e r - l o c u s  h y b r id  p o ly m ers .
2 . )  W ith two gene c o p ie s ,  n u l l  o r  re d u c e d  a c t i v i t y  a l l e l e s  may 
be  t o l e r a t e d  even  f o r  e s s e n t i a l  l o c i .
Each o f  th e s e  e f f e c t s  c o u ld  o c c u r  by o th e r  means th a n  p o ly p lo id y  f o r  
in d iv id u a l  l o c i .
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th e  ty p e - 5 ,  6  and 11 IDH zym ograms, and th e  ty p e -3 ,  and 4 PGM zymo­
gram s. The IDH sy s te m  p r o v id e s  a p a r t i c u l a r l y  i n t e r e s t i n g  exam ple.
I t  can  be  h y p o th e s iz e d  t h a t  th e  s in g l e  band ty p e s ,  w hich  in h e r i t a n c e  
s tu d ie d  ( s e e  IDH s e c t io n )  have  shown a r e  th e  p ro d u c ts  o f  two l o c i ,  i s
th e  a n c e s t e r a l  ty p e ,  and th e  o n ly  ty p e  w hich  w ould have been  found
im m ed ia te ly  a f t e r  th e  d o u b lin g .  IDH zymogram ty p e s  1, 2 and 9 would 
r e p r e s e n t  zymograms r e s u l t i n g  when one o f  th e  l o c i  e l e c t r o p h o r e t i c a l l y
d iv e rg e d ; zymogram ty p e s  7 , 8  and 12 w ould r e s u l t  when th e  o th e r  l o c i
had d iv e rg e d ;  and zymogram ty p e s  3 ,  4 and 10 would r e s u l t  when b o th  
had d iv e rg e d  ( s e e  IDH s e c t i o n  f o r  d e s c r i p t i o n s ) . A ll  o f  th e  d iv e rg e n t  
ty p e s  d e m o n s tra te d  a c l o s e . r e l a t i o n s h i p  betw een  th e  two IDH l o c i  
as  i n t e r l o c u s  d im ers  w ere  fo rm ed . The p ro p o sed  a n c e s t r a l  ty p e s  
(5 ,  6  and 11) w ere  th e  m ost f r e q u e n t ,  p a r t i c u l a r l y  in  £ .  s o .ja , w h ile  
th e  p ro p o sed  d o u b le  d iv e r g e n t  ty p e s  (3 ,  4 and 10) w ere th e  l e a s t
f r e q u e n t .  The f r e q u e n c ie s  o f  th e  a n c e s t r a l  a l l e l e s  a t  th e  two l o c i
d i f f e r e d  g r e a t l y  be tw een  jG. max and s o ja  w ith  G. s o ja  h a v in g  s i g n i ­
f i c a n t l y  h ig h e r  f r e q u e n c ie s  f o r  th e  a n c e s t r a l  a l l e l e s  ( .5  v s .  .98  and 
.64  v s .  .8 9 ) .  One can  s p e c u la te  t h a t  th e  change in  s e l e c t i o n  p r e s s u r e  
in  G. max h a s  a c c e le r a te d  th e  d iv e rg e n c e  o f  th e s e  IDH l o c i .  L ik e w is e , 
th e  s i n g l e  band PGM zymogram ty p e s  w ere o n ly  o b se rv e d  in  G^ . s o j a .
E x p ec ted  e f f e c t  B2, th e  a c c u m u la tio n  o f  n u l l  o r  re d u c e d  a c t i v i t y
a l l e l e s  fo llo w in g  a  d o u b lin g ,  was a l s o  o b s e rv e d . N u ll  o r  weak a c t i v ­
i t y  a l l e l e s  w ere  o b se rv e d  a t  14 o f  th e  25 g e n e t i c a l l y  v a r i a b l e  l o c i ,  
w ith  a l l  b u t  two o f  th e  enzym es h a v in g  o th e r  f u n c t i o n a l  l o c i .  No 
s e v e re  e f f e c t  was o b se rv e d  w ith  any o f  th e s e  n u l l  a l l e l e s .  I t  i s  
p o s s ib le  t h a t  o th e r  n u l l  a l l e l e s  have a l r e a d y  become f ix e d  a t  some
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loci in £. max and so.ja. For example, only one active MPI, plastid-
a s s o c ia t e d  PGM, p l a s t i d - a s s o c i a t e d  GOT and p l a s t i d - a s s o c i a t e d  PGI 
l o c i  w ere  o b se rv e d  in  G. max and s o j a , b u t  t h e r e  w ere  i n d i c a t i o n s  
o f  two o f  eac h  o f  th e s e  ty p e s  o f  l o c i  in  £ .  c l a n d e s t in a  o r  jG. to m e n te l l a . 
The p o s s i b i l i t y  e x i s t s  t h a t  t h e r e  w ere  two o f  ea c h  o f  th e s e  l o c i  in  
max and (3. s o j a , b u t  one o f  eac h  h as  been  l o s t  by f i x a t i o n  o f 
n u l l  a l l e l e s .  I t  can  b e  a rg u e d  t h a t  t h i s  o c c u r s ,  b e c a u se  n u l l  a l l e l e s  
can be  t o l e r a t e d  a f t e r  a  d u p l i c a t i o n .  They may even  b e  s e l e c t e d  
f o r  a t  e s s e n t i a l  l o c i  w hose d o ssa g e  n eed s  to  be  c l o s e l y  r e g u la te d .
The l a s t  l i n e  o f  isozym e e v id e n c e  f o r  so y b ean s  b e in g  a n c ie n t  
t e t r a p l o i d s ,  r e l a t e s  t o  G o t t l i e b 's  (1982) h y p o th e s is  t h a t  in  p l a n t s  
isozym es w ith  d i f f e r e n t  s u b c e l l u l a r  a c t i v i t y  s i t e s  have e v o lv ed  
s p e c i a l i z e d  f u n c t i o n s .  He a rg u e d  t h a t  a t  l e a s t  one isozym e p e r  
s u b c e l l u l a r  s i t e  w i l l  a lw ay s  b e  p r e s e r v e d ,  w h ile  w i th in  th e  same 
s u b c e l l u l a r  c l a s s ,  d u p l i c a t i o n s  w i l l  in c r e a s e  isozym e num bers w h ile  
f i x a t i o n  o f  n u l l  a l l e l e s  w i l l  re d u c e  num bers. I f  so y b ean s  a r e  
a u t o t e t r a p l o i d s ,  n a t u r a l l y  a l l  l o c i  th e y  o r i g i n a l l y  c o n ta in e d  would 
have been  d o u b le d . H ow ever, i f  th e y  a r e  a l l o t e t r a p l o i d s  and G o t t l i e b 's  
h y p o th e s is  i s  c o r r e c t ,  th e n  we sh o u ld  e x p e c t to  f in d  a t  l e a s t  two 
l o c i  co d in g  f o r  th e  isozym es a s s o c ia t e d  w ith  eac h  s u b c e l l u l a r  c l a s s  
( I n  w h ich  th e  enzym es f u n c t io n )  im m ed ia te ly  a f t e r  a  d u p l i c a t i o n .
T ab le  28 l i s t s  th e  num ber o f  l o c i  p ro d u c in g  th e  isozym es a s s o c ia te d  
w ith  th e  m i to c h o n d r ia l ,  c y t o s o l  and p l a s t i d s  in  G^ . max o r  jG. so j a .
T h is  in fo rm a tio n  was d e r iv e d  from  th e  zymogram i n h e r i t a n c e  m odels 
p r e s e n te d  in  th e  r e s u l t s  s e c t i o n .  In  17 o f  t h e  22 c a s e s ,  two o r  more 
l o c i  w ere  found  co d in g  f o r  th e  isozym es w i th in  each  s u b c e l l u l a r  s i t e ,
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T a b le  2 8 . The num ber o f  L o c i P e r  S u b c e l lu la r  A c t i v i t y  S i t e  i n  G. max 
and (J. so .1 a .
Enzyme_________ M ito c h o n d r ia _________ C y to so l_________ P l a s t i d
ADH 0 4-5 0
D ia 3 3-4 0
GPD 0 1 - 2 2
GOT l(m ax  o n ly ) 1 - 2 1 ( 2 )
IDH 2 2 0
LAP 0 2 0
MDH 2 2 0
MPI 0 1 ( 2 ) 0
PGD 0 2 2
PGI 0 2 1 ( 2 )
PGM 0 2 1 ( 2 )
TO 2 3 0
% P o ly m o rp h ic  
L o c i (95%) in  2 8 .6  
G. max o r  s o ja
4 2 .4 2 0 . 0
The num bers in  p a r e n t h e s i s  e q u a ls  th e  num ber o f  e s t im a te d  l o c i  i n  (5. 
c l a n d e s t in a  o r  G. to m e n te l la .
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and in  fo u r  o f  th e  f i v e  e x c e p t io n s ,  t h e r e  was e v id e n c e  f o r  two l o c i  
i n  G^. c l a n d e s t in a  o r  Gr. t o m e n te l l a .
T hus, t h e r e  i s  a f a i r  amount o f  isozym e e v id e n c e  in  s u p p o r t o f  th e  
h y p o th e s is  t h a t  so y b ean s  a r e  a n c ie n t  t e t r a p l o i d s .  I f  so y b ean s a r e  
t e t r a p l o i d s ,  th e  d u p l i c a t i o n  m ust have o c c u r re d  e a r l y  in  th e  h i s t o r y  
o f  th e  G ly c in e  g e n u s , lo n g  b e f o r e  th e  d o m e s t ic a t io n  o f  so y b ean s to o k  
p la c e .  An i n t e r e s t i n g  s tu d y  w hich  m ig h t c o n f irm  t h i s  l i n e  o f  e v id e n c e  
would b e  t o  exam ine isozym es in  one o f  th e  2N = 20 r e l a t e d  s p e c ie s .
I f  so y b ean s  a r e  i n  f a c t  t e t r a p l o i d s ,  w ith  two c o p ie s  o f  m ost s t r u c t u r a l  
l o c i ,  t h i s  m ig h t e x p la in  t h e i r  slow  b re e d in g  p r o g r e s s .  Isozym es 
n i c e l y  d e m o n s tra te  one o f  th e  a d v a n ta g e s  o f  p o ly p lo id y ,  nam ely th e  
fo rm a tio n  o f  e s s e n t i a l l y  f ix e d  h e te r o z y g o te s  when two r e l a t e d  l o c i  
i n t e r a c t  to  form  m o le c u la r  h y b r id  enzym es. I f  t h e r e  i s  a  s e l e c t i v e  
a d v a n ta g e  a s s o c ia t e d  w i th  h e t e r o z g o s i t y , p o ly p lo id y  w ould b e  one o f  
th e  m a jo r ways o f  o b ta in in g  m o le c u la r  h e te r o z y g o s i ty  in  a  h ig h ly  
s e l f - p o l l i n a t i n g  s p e c ie s  su ch  a s  so y b e a n s .
T a b le  28 a l s o  shows an  i n t e r e s t i n g  o b s e r v a t io n ,  u n r e la te d  to  
th e  p o ly p lo id y  q u e s t io n ,  t h a t  po lym orph ism  was g r e a t e s t  in  l o c i  
whose p ro d u c ts  f u n c t io n  i n  th e  c y t o s o l .  T hese d a ta  s u p p o r t a  h y p o th e ­
s i s  o f  G o t t l i e b  and Weeden (1981) t h a t  b e c a u se  o f  th e  s p e c i f i c a t i o n s  
needed  f o r  n u c le a r  coded isozym es to  become c o r r e c t l y  l o c a l i z e d  in  
p a r t i c u l a r  o r g a n e l l s ,  th e y  a r e  g e n e t i c a l l y  more c o n s e r v a t iv e .  W hile 
my d a ta  a r e  more e x te n s iv e  th a n  th e  d a ta  from  w hich  G o t t l i e b  and Weeden 
made t h e i r  h y p o th e s i s ,  in  my o p in io n  more d a ta  from  a  v a r i e t y  o f  
p l a n t s  a r e  n eed ed  f o r  c o n f i r m a t io n .
The f i n a l  a r e a  in  w h ich  t h i s  d i s s e r t a t i o n  h as  been  in v o lv e d ,  as
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an u n d e r ly in g  co n ce rn  n o t  an o b j e c t i v e ,  was th e  q u e s t io n  o f  th e  
f i t n e s s  im p o rta n c e  ( i n  n a t u r a l  o r  a g r i c u l t u r a l  en v iro n m e n ts )  o f  
v a r io u s  iso zy m es . W hile no d e f i n i t i v e  c o n c lu s io n s  can  be  drawn from  
th e  d a ta  c o l l e c t e d ,  I  f e e l  t h a t  th e  o b se rv e d  d i f f e r e n c e s  i n  a llo zy m e  
f r e q u e n c ie s  and d i s t r i b u t i o n  p a t t e r n s  betw een  max and s o ja  
can be e x p la in e d  m ore s a t i s f a c t o r i l y  w ith  a  m odel w here s e l e c t i o n  h as  
p la y e d  a  r o l e .  - I f  isozym e l o c i  a r e  a l t e r e d  by s e l e c t i o n  ( e x c lu d in g  
s e l e c t i o n  o f  c l o s e l y  l in k e d  l o c i )  th e n  th e y  o b v io u s ly  have  f i t n e s s  
e f f e c t s .
APPENDICES
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G. s o ja
PI Number
Amur
Enzymes: ADH Am TO AP LAP PGD GPD PGM D ia MPI IDH PGI GOT 
A rea I -R u s s ia
423.988 1 * 1 1 1 1 2 1 3 2 2 5 1 1
423.989A 1 1 1 1 1 2 1 3 2 2 5 1 1
423.989B 1 1 1 1 1 2 1 1 2 2 6 1 1
423.990A 1 1 1 1 1 1 1 3 2 2 5 1 1
423.990B 1 1 1 1 1 3 2 1 2 2 5 1 1
423.991 1 1 1 1 1 3 2 1 2 2 5 1 1
423.992 1 1 1 1 1 1 4 2 2 ,3 5 1 1
423.993 1 1 1 1 1 1 3 2 2 5 1 1
423.994 1 1 1 1 1 1 2 1 1 1
423.995 1 1 1 1 1 2 1 2 2 5 1 1
423.996 1 1 1 1 1 1 3 2 2 5 1 1
423.997 1 1 1 1 1 2 1 4 2 2 5 1 1
423 .998 1 1 1 1 1 2 1 4 2 2 5 1 1
423.999A 1 1 1 1 1 2 1 3 ,4 2 2 5 1 1
423.999B 1 1 1 1 1 1 ,3 1 1
424 .000 1 1 1 1  1 2 1 4 2 2 5 1 1
424.001 1 1 1 1 1 1 1 2 2 3 6 1 1
424.002 1 1 1 1 1 1 2 2 2 3 5 1 1
424.003 1 1 1 1 1 2 2 1 2 2 5 1 1
P rim o rsk
326.582B 1 1 1 3 1 3 1 4 2 2 6 1 1
A rea 2 -N o r th e a s t China
H e ilu n g k ian g
65.549 1 1 1 1 1 3 1 2 2 1 ,3 5 2 1























PI Number Enzymes; ADH Am TO AP LAP PGP GPP PGM Dia MPI IDH PGI GOT
A rea 2 -N o r th e a s t C hina ( c o n 't )
K ir in
407.288 1 2 1 1 1 1 1 2 2 3 5 1 1
407.289 1 1 1 1 1 1 1 2 4 5 6 1 1
407 .290 1 1 1 3 1 3 1 2 1 1 / 2 6 1 1
407.291 1 1 1 3 1 3 1 2 1 5 6 1 1
407.292 1 1 1 3 1 1 1 2 2 1 5 1
407.293 1 1 1 3 1 1 1 2 2 2 6 1 1
407.294 1 1 2
407.295 1 1 1 3 2 1 1
Y e-sh en g -to u
391.587 1 1 1 1 1 3 2 2 2 2 5 1 1
L iao n in g
407.296 1 2 1 1 1 1 2 1 1 1 2 5 1 1
407.297 1 1 1 2 1 2 1 1 4 1 5 1 1
407.298 1 1 1 3 1 1 1 1 4 5 5
407.299 1 2 1 1 1 1 5
A rea 3 -C e n tra i China
K iangsu
407 .300 1 1 1 3 1 1 1 2 1 5 5 2 1
407.301 1 1 1 3 1 1 1 2 1 1 5
407.302 1 1 1 3 1 1 1 2 1 1 5
407.303 1 1 1 3 1 1 2 1 5 5 2 1
S hanghai







P I Number Enzymes: ADH Am TO AP LAP PGD GPD
A rea 4-K orea
Kangwon-do
339.731 1 1 1 3 2 2 1
339.732 4 2  1 3 1 1 1
339.733 1 1 1 2 2 1
339.735A 1 1 , 2  1 1 ,3 1 1 2
339.735B 3 2  1 3 1 1 1
Chelu I s la n d  
339.871A 1 2  1 1 1 1 1
339.871B 1 1 1 1 1 1 1
407.281 1 1 1 3 1 2 1
G yeonggi Do 
407.159 1 1 , 2  1 1 , 2 1 1 ,2 ,3 1
407 .160 2 2 1 1 1
407.161 1 1 1 2 1 1
407.162 1 1  1 1 1 1 1
407 .163 1 1 1 2 1 1
407.164 1 1 1 2 1 7 1
407 .165 1 1 1 2 1 7 1
407 .166 1 1 1 2 1 1 1
407.167 1 1 1 2 1 1 1
407.168 1 1 1 3 1 2
407.169 1 1 1 3 1 2
407 .170 1 1 1 1 1 1 1
407 .180 1 2  1 1 1 1 1
407.182 1 1 1 1 2
407.185 1 1 1 1 1 1 1
407 .188 1 1  1 1 1 1 1
349.647 1 2  1 3 1 2 1
AVRDC 3085 = 4 07 .172-173 1 2 2 2 2
AVRDC 3086 = 407 .174-177 2 2 2 2 2
AVRDC 3087 = 407.178 1 1 , 2  1 2 ,3 , 4 1 1 ,3 1 , 2
AVRDC 3089 = 407.181 1 2
PGM Dia MPI IDH PGI GOT
2 2 2 1 1
2 1 2 5 1
2 4 2 2  1
1/3 1 2 5 1
2 9 2 5 1
2 2 1 5 1
2 2 1 5 1
1 1 1 6  1
2 ,4 2 3 ,5 2 ,5 ,6  1
2 2 1 1 1  1
2 2 1 5 1
2 1 2 5 1
2 2 5 5 1
2 2 2 1 1  1
2 2 2 1 1  1
2 1 2 5 1
2 1 1 1 1 1
2 2 1 5 1
2 2 1 5 1
2 2 2 5 1
2 4 2 5 1
2
4 4 2 5 1
2 4 2 1 1
2 2 2 1 1  1
4 1 1 5 2
4 1 1 5 2









P I Number Enzymes; ADH Am TO AP LAP PGP GPP PGM D ia MPI IDH PGI GOT
A rea 4 -K orea ( c o n 't )
Gyeonggi Do ( c o n 't )
AVRDC 3136 = 407.278 1 1 1 3 1 1 4 1 1
AVRDC 3110 = 407.184 1 3 1 1 1 2 2 5 1 1
Gangweon Do 
407.195 2 1 2 1 1 2 4 1 5 1
407 .200 1 1 1 3 2 2 2 2 2 4 5 1 1
407.207 1 1 3 1 1 2 2 ,4 3 2 1 1 2
AVRDC 3090 = 407.192 1 1 1 1 1 2 1 1
AVRDC 3091 = 407.193 1 3 2 1 2 2 2 5 1 1
AVRDC 3092 = 407.194 2 2 1 1 2 2 2 5 1 1
AVRDC 3097 = 407 .203-204 1 , 2 1 ,3 1 1 2 2 ,4 1 ,2 ,3 5 1 1
AVRDC 3094 = 4 07 .198-199 1 1 2 3 2 2 5 2 1
AVRDC 3099 = 407.206 1 1 1 3 1 1 2 3 1
Chungcheong Bug Do 
407.212 1 1 1 3 1 1 1 2 1 2 5 1 1
407.221 1 1 1 1 3 1 1 2 2 2 1 1 1 1
AVRDC 3101 = 407.208 1 1 3 1 , 2 1 1 , 2 2 1 , 6 2 5 1 1
AVRDC 3102 = 407 .211-213 1 2 1 , 2 1 1 , 2 2 1 , 6 2 5 1 1
AVRDC 3103 = 407. 214-215 1 1 1 1 ,3 1 1 1 , 2 4 3 ,4 2 5 1 1
AVRDC 3104 = 407 .216 1 ,3 1 , 2 1 ,3 1 1 1 2 1 , 2 2 5 1 1
AVRDC 3105 = 407 .217 1 1 , 2 1 ,3 1 1 2 2 1 2 5 ,11 1 1
AVRDC 3106 = 407 .219 -220 1 1 1 1 2 2 2 2 1 1 1 1
AVRDC 3108 = 407.222 2 1 1 1 1 2 3 2 5 1 2
AVRDC 3109 = 407 .223-224 2 3 1 1
Chungcheong Nam Do 
407.230 1 1 1 1 2 2 2 1 0 2 5 1 1
AVRDC 3128 = 407 .225 -228 1 2 1 , 2 1 1 1 1 2 5 1 1 , 2
AVRDC 3130 = 407.232 1 2 1 1 1 , 2 I 2 2 4 1 5 1 1
AVRDC 3133 = 407 .233 -235 1 1 , 2 3 1 2 1 1
Cyeongsang Bug Do 
407.242 1 2 1 1 1 4 1 1 2 2 6 1 1





*PI Number Enzymes: ADH Am TO
Gyeongsang Bug Do ( c o n 't )
407.248 1




AVRDC 3112 = 407 .252-253
AVRDC 3114 •= 407 .256-257 1
AVRDC 3122 = 407 .260 1
AVRDC 3123 = 407.261 1
AVRDC 3124 = 407 .262-264 1
AVRDC 3125 = 407.265
Je o n ra  Bug Do
407.272 1 , 2




M iyazak i Ken 
378.691 1
Kuamoto Ken
3 7 8 .687A














AP LAP PGD GPD PGM D ia MPI ID!
A rea 4-K orea ( c o n 't )
3 1 1 1 2 1 2 2 9
1 1 1 2
1 1 1 1 2 3 1 5
1 1 1 , 2 1 2 ,4 1 , 2 2 5
1 ,3 2 1
2 1 1 1 4 1 1 1 1
3 2 1
2 1 ,  3 1 1 2 1 1 5
2 1
3 1 2 2
1 2 5 2 8 2 1 1
1,3 1 , 2 1 , 2 2 2 4 1 5




















A ic h i Ken
407.062 1 1
407.070 1 2
407 .080 1 2
407.083 1 1
I b a r a k i  Ken





S aitam a Ken
378.684A 1 1
3 7 8 .684B 1
Nagano Ken 
407.054 1 1
A k ita  Ken
407.019 1 1
407 .020 1 . 1
407.025 1 2
407.037 1 1
407.042 1 1 ,
TO AP LAP PGD GPD PGM D ia  MPI
A rea 5 -S o u th e rn  Jap an  (c o n ’ t )
1 1 1 1 1 2 1 3
1 4 1 1 2 3 1
1 2 1 1 1 4 5 1
1 1 1 1 2 2 1 5
1 3 1 2 2 2 2 2
1 3 1 1 1 , 2 2 ,4 2
1 1 1 2 1 2 4 2
1 1 , 2 1 2 2 2 2 1
1 2 1 1 2 1
az
1 1 8 2 1 3 2
1 1 1 1 1 2 2 2
2
1 3 1 1 1 2 4 5
A rea 6 -Nor th e m Jap an
1 1 1 1 2 2 2 2
1 3 1 2 1 2 2 2
1 1 1 2 1 2 2 2
1 3 1 1 1 2 1 3
































Enzymes: ADH Am TO AP LAP PGP GPD PGM D ia  MPI IDH PGI GOT








1 1 1 ,2  3

















PI No. o r  C u l t i v a r
G. max
Area 1 -R u ss ia
C h e s tn u t 1 3 1 2 1 1 1 2 1 1 2 1 1
E l to n 1 1 1 2 1 1 1 1 7 1 4 1 1
Flambeau 1 1 1 2 1 1 1 1 2 2 6 1 1
Habaro 1 1 1 2 1 1 1 1 1 1 4 1 1
A rea 2 -N o r th e a s t China
103.414 2 1 1 2 1 1 1 2 1 2 6 1 1
103.415 1 2 1 3 1 2 1 2 4 1 3 1 1
103.419 1 1 1 1 1 1 , 2 2 2 1 1 7 1 1
135.589 1 1 1 3 1 2 1 2 2 2 2 1 1
135.590 1 1 1 2 1 2 1 2 2 2 1 1 1
232.987 1 1 1 1 2 1 2 2 2 1 1 1
232.988 1 1 1 3 2 1 2 2 2 1 1 1
232.989 1 1 1 3 2 1 2 2 2 1 1 1
232.990 1 1 1 3 2 1 2 2 2 1 1 1







P I No. o r  C u l t i v a r  Enzymes: ADH Am TO AP LAP PGD GPD PGM D ia MPI IDH PGI GOT
A rea 2 -N o r th e a s t  China ( c o n ’ t )
AK (FC30.76I) 1 1 1 2  1 1 1 2 2 2 5
B lack  Eyebrow I 1 1 2  1 1 2 1 1 1 7
Boone 2 1 1 2  1 1 1 2 2 2 6
Cayuga 3 1 1 2  1 1 1 2 2 2 7 1 1
D u n f ie ld  1 1 1 2  1 1 1 1 2 2 5 1 1
Ebony I 1 3  1 1 1 2 2 2 7 1 1
H arb in so y  1 1 1 2  1 1 1 2 2 3 6 1 1
H o o s ie r  1 1 1 1 1 1 1 2 2 1 5 , 6 , 7 , 8  1 1
K ab o tt  1 1 1 2  1 1 1 1 1 1 8 1 1
Manchu 1 1 1 1 1 1 1 1 •» 2 0 3 1
M anchuria 1 1 1 2  1 1 1 2 1 1 3 1 1
M andarin I 1 1 2  1 1 1 2 1 1 3 1 1
Morse I 1 1 2  1 1 1 1 2 3 3 1 1
Mukden 1 1 2  2  1 1 1 1 1 2 5 1 1
O n ta r io  2 1 1 1 1 1 1 1 1 2 5 1 1
P a to k a  1 1 1 2  1 1 1 2 1 3 5 1 1
R ich land  1 1 1 2  1 1 1 2 1 2 1 1 1
Sanga 1 1 1 2  1 1 2 2 4 2 7 1 1
S e n ic a  3 1 2  2  1 1 1 2 2 2 5 1 1
S h in g to  1 1 1 1 1 1 1 1 2 2 5
Wea 1 1 1 2  1 1 1 1 2 2 5
W ilson 1 1 1 2  2  1 1 2 3 3 1 1 1
Area 3 - C e n t r a l  China
103.080 1 2 1 3  1 1 1 1 2 1 1 1
103.088 1 1 1 3  1 1 2 2 2 1 1 1
103.091 .1 2 1 2  1 1 1 1 1 2 1 1 1
123.577 1 1 1 2  1 1 2 2 2 1 3 1 1
158.765 1 1 1 2  1 1 1 1 3 3 3 1 1
253.650A 1 1 1 2  1 1 2 1 2 1 7 1 1
253.650B 1 1 1 1 1 1 1 2 4 2 5 1 1
253.651A 1 1 1 2  1 1 1 1 2 3 1 1
2 5 3 .651B 1 2 1 1 1 1 2 1 2 2 7 1 1
253.653A 1 1 1 2  1 1 1 2 1 2 3 1 1
P I  No. o r  C u l t i v a r  Enzymes: ADH Am TO AP LAP PGD GPD PGM Dia MPI IDH PGI GOT
B a rc h e t 1 1
A rea 3- 
1 2
-C e n t ra l  China ( c o n ' t )  
1 1 2  2 1 2 3 1 1
B i l o x i 1 1 1 2 1 1 1 2 1 2 3 1 1
C h a r ie e 1 1 1 2 1 1 1 1 1 3 1 1  1
Cherokee 1 1 1 2 1 1 2 1 3 3 1 1
Clemson 1 1 1  2 1 1 1 2 2 1 1,3  1 1
Cloud 1 1 1 2 1 1 2 2 2 4 1 1
Columbia 1 1 1 2 1 1 1 2 1 2 ,3 1 1 1
C re o le 1 1 1 2 1 1 1 2 2 3 3 1 1
Easycook 1 1 1 1 1 1 1 1 2 3 1 1
G eorg ian 1 1 1 2 1 1 1 2 2 2 3 1 1
Hayseed 1 1 1 2 1 1 1 1 2 2 1  1 1
Hongkong 1 1 1 2 1 1 2 1 2 1 1
Korean 1 1 2 1 1 1 2 1 1 3
Laredo 1 1 1 2 1 1 1 2 4 2 1 1 1
Midwest 1 1 2 1 1 1 2 2 2 2  1 1
M issoy 1 1 1 2 1 1 1 1 1 3 1 1 1
M onetta 1 1 1 2 1 1 1 1 2 3 1 1 1
Old Dominion 1 1 1 2 1 1 1 2 2 2 1,3
P a lm e tto 1 1 1 2 1 1 1 2 1 3 1 1 1
Pek ing 1 1 1 2 1 1 1 1 2 2 1  1 1
P lu to 1 1 1 2 1 1 1 2 1 2 1 1 1
Sem inole 1 1 1 2 1 1 1 2 1 , 2 2 3 1
T a rh e e l  B lack 1 1 1 2 1 1 1 2 1 2 3 1 1




1 2 2 2 2 7 1 1
157.396 1 1 1 2 1 1 2 1 2 2 7 1 1
157.397 1 1 1 2 1 1 1 2 2 2 7 1 1
157.398 3 1 1 3 1 1 , 2 1 1 2 2 7 1 1
157.401 1 1 1 1 1 1 2 2 1 2 3 3 1
157.402 1 1 1 2 1 1 1 2 2 2 7 1 1
157.404 1 1 1 2 1 2 2 2 2 2 7 1 1
157.405 1 2 1 2 1 1 , 2 1 2 2 2 7 1 1
157.408 1 1 1 2 1 1 2 1 2 2 7 1 1
P I  No. o r  C u l t i v a r  Enzymes: ADH Am TO AP LAP PGD GPD PGM Dia MPI IDH PGI GOT
Area 4-K orea ( c o n ' t )
157.409 1 1 1 2 1 2 1 1 2 5 7 1 1
157.410 1 2 1 1 1 1 1 1 1 2 7 1 1
157.414 3 1 1 2 1 1 2 1 1 2 7 1 1
157.416 1 1 1 2 1  1 2 2 1 2 3 1 1
157.417 1 1 1 2 1 2 1 2 1 1 7 1 1
157.419 1 1 1 2 1  2 1 1 1 1 7 1 1
157.421 1 2 1 3 1 1 1 2 2 7 1 1
157.424 1 2 1  2 1 1 1 2 1 2 7 1 1
157.428 1 2 1 2 1 1 2 2 1 2 7 1 1
157.429 1 2 1 1 1 1 2 1 2 3 7 1 1
157.431 1 1 1 2 1 1 2 1 2 2 7 1 1
Arksoy 1 1 1 2 1 1 1 1 2 2 3 1 1
D elsoy 2 1 1 3 1 1 1 2 2 1 7 1 1
D ix ie 1 1 1 1 1 1 1 2 2 2 3
Emperor 1 1 1 2 1 2 2 2 1 2 7 1 1
Green and B lack 3 1 1 2 1 1 1 2 2 1 8  1
H a rb e r la n d t 1 1 1 3 1 1 1 1 2 2 7 1 1
Jogun 1 1 3 2 1 2 2 1 1 1 8  1 1
Kanro 1 1 1 2 1 2 2 1 1 2 7 1 1
Kanum 1 1 1 2 1 2 2 1 1 1 5 1 1
M agnolia 1 1 1 2 1 1 1 1 2 2 3 1 1
Mendota 1 1 1 2 1 2 2 2 2 1 5 1 1
Nanda 1 1 1 2 1 2 . 1 2 1 1 5 1 1
Pando 1 1 1 2 1 2 1 1 2 2 8  1 1
Area 5 -S o u th e rn Japan
124.871 1 2 1 3 1 2 1 1 1 1 7 1 1
181.535 3 1 1 2 1 1 1 2 2 2 6  1 1
181.539 1 1 2 1 1 2 1 4 2 3 1 1
181.540 1 1 1 2 1 2 1 2 5 7 1 1
181.542 1 1 2 1 2 1 8 5 7 1 1
181.549 1 1  2 1 2 1 1 5 5 1 1
181.550 3 1 1 2 1 2 2 1 2 1 8  1 1
181.551 1 1 1 2 1 1 2 1 2 2 5 1 1
PI No. o r  C u l t i v a r  Enzymes: ADH Am TO AP LAP PGD GPD PGM Dia MPI IDH PGI GOT
Area 5 - S o u th e rn  Jap an  ( c o n ' t )
181.552 1 1 1 2 1 2 2 2 1 1 7 1 1
181.553 1 1 1  2 1 1 2 1 2 5 7 1 1
181.554 1 1 1 2 1 1 2 1 2 5 7 1 1
A riso y  1 1 1  2 1  1 2 2 2 3 3 1 1
C husei 1 1 1 2 1  2 1 2 3 1 7 1 1
Funk D e l i c io u s  1 1 1 2 1 2 2 2 1 2 7
Goku 1 1 1 2 1 2 2 1 2 2 7
Higan 1 1 1 2 1 2 1 2 3 1 5 1 1
Hokkaido 1 1 1 2 1 2 1 2 1 2 7 1 1
I l l i n g t o n  1 1 1 2 1 1 1 2 2 1 7 1 1
Im p e r i a l  1 1 1 2 1 1 2 1 2 7 1 1
K in g s to n  1 1 1 2 1 2 1 1 4 2 3 1 1
Osaya 1 1 1 2 1 2 1 2 3 1 7 1 1
Rokusun 1 1 1 2 1 2 1 1 1 1 5 ,6  1 1
Sac 1 1 1 2 1 2 2 1 1 7
S o u se i  1 1 1 2 1 2 1 1 2 2 7 1
Tokyo 1 1 1 2 1 2 1 2 2 2 7 1 1
W olverine  1 1 1 2 1 2 1 1 1 2 1
Area 6 -N o r th e rn Japan
181.531 1 1 1 2 1  2 2 2 1 5 7 1 1
181.532 1 1 1  2 1 2 2 1 5 7 1 1
181.533 1 1 1 2 1 1 2 2 4 2 3 1 1
181.534 1 1 1 2 1 1 2 1 1
181.536 1 1 1 3 1 2 1 1 2 2 7 1 1
181.537 1  1 1 2 1 1 1 2 2 7 1 1
181.538 1 1 2 1 1 2 2 4 1 3 1 1
181.541 1 1 1 2 1 2 1 1 2 5 7 1 1
181.548 1 1 2 1 2 2 2 1 7 1 1
227.324 1 1 1 2 1 2 1 1
A gate  1 1 3 2 1 2 1 2 1 2 5 1 1
Aoda 1 1 1 2 1 2 2 1 1 1 7 1 1
B an se i  1 1 1 2 1 2 2 1 1 1 7 1 1
Etum 1 1 1 2 1 2 2 1 1 1 7 1 1
P I No. o r  C u l t i v a r  Enzymes: ADH Am TO AP LAP PGD GPD PGM D ia MPI IDH PGI GOT
Area 6 --N orthern  Jap an  ( c o n ’ t )
F u j i 1 1 1 2 1 1 2 2 1 1 7 1 1
Hakote 1 1 3  2 1 1 1 2 1 1 7 1 1
H id a ts a 1 1 1 2 1 2 1 1 2 7 1 1
Kura 1 1 1 2 1 1 1 1 1 1 8
Medium Green 1 1 1 2 1 1 1 1 2 1 7
S a to -3 1 1 1 2 1 1 1 2 1 1 7
S h iro 1 1 1 2 1 1 1 2 2 1 5
Sioux 1 1 1 2 1 2 1 1 2 8 1
T a s te e 1 1 1 2 1 2 1 1 1 1 5 1 1
Toku 1 1 3  3 1 2 1 1 1 1 7 1 1
T o r t o i s e  Egg 1 1 3  2 1 1 1 2 1 7 1 1
Waseda I I 1 1 1 2 1  1 2 1 1 1 7
W illom i 1 1 1 2 1 2 2 1 1 1 7 1 1
Unknown, I n d i r e c t  o r Mixed O r ig in
S o u th e rn  M a tu r i ty
A cadian 1 1 1 2 1 1 2 2 2 3 3 1
Armredo 1 1 1 2 1 1 1 2 3 2 3
A ro y e l l s 1 1 1 2 1 1 2 2 1 2 5 1
Bedford 1 1 1 2 1 1 2 1 1 2 5 1 1
B o s s ie r 1 1 1 2 1 1 1 2 5 1
Bragg 1 1 1 2 1 1 2 1 1 2 5 1 1
C e n te n n ia l 1 1 1 2 1 1 2 1 2 2 5 1 1
Cobb 2  1 1 2 1 1 1 1 2 3 5 1 1
Coke S te w a r t 1 1 1 2 1 1 2 2 1 1 1 1 1
Columbus 1 1 1 2 1 1 1 2 1 2 5 1 1
Dare 1 1 1 2 1 1 1 , 2 1 2 2 7 1 1
D a r tc h s o t 1 1 1 2 1 1 1 , 2 2 1 , 2 2 5 ,7 1 1
D avis 3 1 1 2 1 1 1 1 2 2 7 1 1
D e ls ta 1 1 1 2 1 2 2 2 1 1 2 1
Dyer 1 1 1 2 1 1 2 1 1 , 2 2 5 ,7 1 1
E ssex 3 1 1 2 1 1 2 1 1 2 5 ,7
F o r r e s t 1 1 1 2 1 1 2 1 1 2 5 1 1







P I No. o r  C u l t i v a r  Enzymes: ADH Am TO AP LAP PGD GPD PGM Dia MPI IDH PGI GOT
Unknown, I n d i r e c t o r  Mixed O r ig in (c o n 1 t )
S o u th e rn  M a tu r i ty  ( c o n ' t )
Hampton 266 1 1 1 2  1 2 2 I 1 I 5 1 1
H ardee 3 1 1 2  1 1 1 1 2 2 1 1 1
H a r v e l l 1 1 1 2  1 1 2 7 2 7 I 1
Hinn 1 1 1 2 I 1 1 2 1 2 I I 1
H o lly b ro o k 1 1 1 2  1 1 1 2 2 7 1 1
Hood 1 1 1 2  1 1 1 2 2 2 7 1 1
H u tton 1 1 1 2  1 1 2 1 1 2 7 1 1
Improved P e l i c a n 1 1 1 1 1 1 2 1 3 3 1 1
Jack so n I 1 2  1 1 2 1 3 5 1 1
Jew 45 1 1 2  1 1 2 1 1 5 1 1
J u p i t e r 1 1 1 2 I 1 2 1 1 2 7 1
Kino 1 1 1 2  1 1 1 1 1 2 7 1 1
La Green 1 , 2 1 1 2  1 1 2 2 1 , 2 1 3 1 1
Lee 1 1 1 2  1 1 2 1 2 2 5 1 1
Lee 6 8 1 1 1 2  1 1 1 1 1 / 1 ,5  1 1
Lee 74 1 1 1 2  1 1 , 2 1 1 , 2 2 1 ,5  1 1
Luthy 1 1 1 3 1 1 2 1 8 1 7 1 1
Mack 1 1 1 2  1 1 1 1 2 2 5 1 1
M ajors 1 1 2  1 1 1 2 1 1 3 1 1
Mamloxi 1 1 1 2  1 1 2 2 1 3 2  1 1
Mammoth Yellow 1 I 1 2  1 1 2 3 1 2 1,3  1
Mamredo 1 1 1 2  1 1 1 2 2 2 5
Manotan 6640 1 I 1 2 I 2 2 2 I 3 2 ,4  1 1
Nansemond 1 1 1 2  1 2 1 2 7 2 7 1 1
N ela 1 1 1 1 2 1 2 2 1 8  1
O tootan 1 1 1 2  1 1 2 2 1 2 3 1 1
P i c k e t t 1 I 1 , 2 2  1 1 2 1 1 2 5 1 1
P i c k e t t  71 1 1 1 1 I 2 1 1 2 5 1 1
P in e  D e l t a  P e r f e c t i o n 1 1 1 2  1 1 1 2 2 2 3 1 1
P ochahun tas 1 1 1 2 I 1 1 1 1 1 5 1 1
R alsoy 1 1 1 2  1 1 1 1 2 2 3 1 1
Roanoke 2 I I 2  1 2 1 1 2 2 5 1 1
Rose-Non-Pop 1 2 1 3 1 1 2 1 2 2 7 1 1
P I  No. o r  C u l t i v a r  E nzym es: ADH Am TO AP LAP PGP GPD PGM D la  MPI IDH PGI GOT
Unknown, I n d i r e c t  o r Mixed O r ig in ( c o n ' t )
S o u th e rn  M a tu r i ty  ( c o n ' t )
S-100 2  1 1 2  1 1 2 1 1 2 5
Semmes 1 1 1 2  1 2 2 1 1 2 7
Tanner 1  1 1 2  1 1 1 2 1 3 3
Tenn Non-Pop 2  1 1 2  1 2 1 2 2 1 5
Tracy 1 1 1 2  1 2 2 1 2 2 7
V o l s t a t e 3 1 1 2  1 2 1 1 2 2 5
W hite B i l o x i 1  1 1 2  1 1 2 2 1 3 3
Wood Yellow 1  1 1 2  1 1 , 2 1 2 1 2 6
Y elanda 1  1 1 2  1 1 1 2 1 1 4
Y elredo 1 1 1 2  1 1 1 2 1 1 4
York 1 1 1 2  1 1 1 1 2 2 5
Tracy-M 1 1 1 2  1 2 2 1 2 2 7
N o r th e rn  M a tu r i ty
A -100 2  1 1 2  1 1 1 2 1 2 2
Acme 1 2 1 2  1 , 2 1 2 1 2 2 7
Ada 1 2 2  1 1 2 2 1 2 1
Adams 2  1 1 2  1 1 1 1 2 2 5
A d e lp h ia 2  1 1 2  1 1 1 2 2 5
A ltona- 1 1 ,4 1 2  1 1 1 2 2 1 5
Amcor 1 2 1 2  1 1 2 2 1 2 8
Amsoy 1 2 1 2  1 1 2 1 1 2 8
Amsoy 71 1 2 1 2  1 1 2 1 1 2 8
Anoka 1 1 1 2  1 1 1 2 1 1 2
Lavender S p e c i a l  A 1 1 1 1 1 1 2 2 2 2 8
Bavender S p e c i a l  B 1  1 1 1 1 1 2 2 2 2 6
Bavender S p e c i a l  C 1 1 1 1 1 1 1 2 2 2 8
Beeson 1 2 1 2  1 1 1 2 2 2 2
Beeson 80 1 2 1 2  1 1 1 2 2 2 2
B e th e l 2  2 1 2  1 1 1 2 1 3 8
B lackeye 1 1 1 2  1 1 2 1 1 1 7
Blackhawk 1 1 2 2  i 1 1 2 1 O 1



























P I  N o. o r  C u l t i v a r  E nzym es: ADH Am TO AP LAP PGP GPD PGM D ia  MPI IDH PGI GOT
Unknown, I n d i r e c t  o r  Mixed O r ig in  ( c o n ' t )
N o r th e rn  M a tu r i ty  ( c o n ' t )
Bonus 1 2 2 1 1 1 2 2 2 4 1 1
BSR 301 1 1 2 1 1 1 2 1 2 5
BSR 30*> 1 1 2 1 1 1 2 2 2 2
B urw ell 1 1 2 1 1 1 1 1 1 8  1 1
C allan d 1 1 2 1 2 1 2 2 2 2  1 1
C a p i ta l 1 1 2 1 1 1 2 2 1 6  1 1
C a r l in 1 1 2 1 2 2 2 6  1 1
C entury 1 1 2 1 1 1 2 2 2 2 1
C hie f 1 1 2 1 1 1 2 2 2 5 1 1
Chippewa 1 1 2 1 1 1 2 2 2 2  1 1
C la rk 1  1 2 1 1 1 2 1 2 6 1
Clay 1 1 2 1 1 1 2 2 2 2  1 1
C oles 1  1 2 1 1 1 1 1 1 6
Comet 1 ? 2 1 2 2 1 1 , 2 1 , 2 4 1 1
Corsoy 1 1 2 1 1 2 2 2 1 6  1 1
Corsoy 79 1 1 2 1 1 2 2 2 1 6
Crawford 1 1 2 1 1 1 2 1 2 5
C re s t 1 2 2 1 1 1 1 1 2 3 1 1
Cumberland 1 1 2 1 1 2 2 1 2 5
C u s te r 1 1 2 1 1 2 1 1 2 5 ,7  1 1
C u t l e r 1 1 2 1 1 1 2 2 2 5 1 1
C u t l e r  71 1 1 2 1 1 1 2 2 2 5
C ypress  No. 1 1 1 2 1 1 1 1 1 1 4
Delmar 2  1 2 1 1 * 1 2 1 3 6  1 1
D esoto 1 1 2 1 1 1 2 1 2 5
Disoy 1 1 2 1 1 1 2 1 1 6  1 1
D ouglass 1 1 2 1  1 1 2 2 2 6
Dunn 1 1 2 1 1 1 2 2 2 6
E a r ly a n a 1 1 1 1 1 1 2 2 5 8 1
E a r ly  W hite Eyebrow 1 2 1 1 1 2 1 2 1 4
E l f 1 1 2 1 1 1 2 1 2 7
Emerald 1 1 2 1 1 1 2 2 2 3
P I  No. o r  C u l t i v a r  Enzymes: ADH Am TO AP LAP PGD GPD PGM D ia MPI IDH PGI GOT
Unknown, I n d i r e c t o r  Mixed O r ig in ( c o n ' t )
N o r th e rn  M a tu r i ty  ( c o n ' t )
E n n is  I  1 1 1 2  1 1 1 2 2 2 6
Evans 1 2  2 2  1 1  2 1 1 1 , 2 1 1 1
F a b u l in  2 1 1 2  1 1  1 1 2 1 6 1 1
F a y e t t e  " 1 1 1 2  1 1 1 2 1,3 2 7
Ford 1 1 1 2  1 1 1 2 2 2 6 1 1
F r a n k l i n  1 1 1 2  1 1 2 2 1 2 7
Funman 1 1 1 1 1 1 1 1 2 2 8 1
G ibson 1 1 1 2  1 1 1 1 2 2 6 1 1
Gnome 1 1 1 2  1 1 1 , 2 2 1 2 5
GoIdsoy 1 1 1 2  1 1 2 1 1 1 4 1
Grande 1 1 1 2  1 1 1 2 1 1 5
G ranger 1 1 1 2  1 1 1 2 2 2 8 1 1
G ran t 3 1 2 2  1 1 1 2 2 2 6 1
Guelph 1 1 1 2  1 1 1 2 2 2 2 1 1
Hahto (M ich .)  1 1 1 1 1 2  1 2 1 1 6 1 1
H arcor  1 1 1 2  1 1  2 2 2 1 6
H ard in  1 2  1 2  1 1 2 2 2 1 6
Hordome 1 2  1 2  1 1 2 1 2 2 4 1 1
Hark 1 1 1 2  1 1 1 1 1 1 6
H arlon  1 1 2 2  1 1 1 2 1 1 3
H arly  2 1 1 2  1 1 1 2 2 2 1 1 1
Harman 1 1 / 2  1 2  1 1 1 1 2 1 6 1 1
H arosoy 1 2  1 2  1 1 2 2 1 2 7
Harwood I 2  1 1 1 , 2 1 1 2 8
Hawkeye 1 1 1 2  1 1 1 1 1 2 1 ,5
Henry 1 2  1 1 1 1 1 2 1 1 1
H obbit  1 1 1 2  1 2  2 2 1 2 5
Hodgson 1 1 2  1 1 2 1 1 1 6
Hodgson 78 1 1 1 2  1 1 2 1 2 1 6
H u r r e lb r in k  1 1 1 2  1 2  1 1 1 2 7
I l l i n i  1 ,2 1 1 2  1 1 1 1 2 2 5 1 1
I l s o y  1 1 1 2  1 1 1 2 2 2 4
Kagon 1 1 1 2  1 1 2 1 1 1 4 1 1
PI No. o r  C u l t i v a r  Enzymes: ADH Am TO AP LAP PCD GPD PGM D ia MPI IDH PGI G01
Unknown, I n d i r e c t o r  Mixed O r ig in ( c o n ' t )
N o r th e rn  M a tu r i ty  ( c o n ' t )
K ahala 1 1 1 2  1 1 , 2 1 , 2 2 1 1 8
K a ilu a 2 1 1 2  1 2 1 2 1 1 8
K an rich 1 1 1 2  1 2 1 2 1 1 3 1 1
Kent 1 1 1 2  1 2 1 2 2 2 6 1 1
Kim 1 1 1 2  1 2 1 1 1 1 7
Kingwa 1 1 1 2  2 1 1 2 2 3 1 1 1
L ako ta 1 1 1 2  1 1 2 2 1 1
Lawrence 1 1 1 2  1 1 1 2 2 2 2
L in c o ln 2 1 1 2  1 1 1 2 2 2 6 1 1
L i n d a r in 2 2  1 2  1 1 , 2 2 2 1 2 2 1
L i n d a r in  63 2 2  1 2  1 1 2 2 1 2 2 1
Linman 533 1 1 1 1 1 1 1 1 2 2 6
L i t t l e  Wonder 1 1 1 2  1 1 2 1 1 2 2 1 - 1
Macoupin 2  1 2  1 1 1 1 2 5 1
Madison 1 1 2  1 1 2 1 2 3 6 1
Magna 1 1 / 2  1 2  1 1 2 1 1 1 7 1 1
Manchu (Hudson) 1 1 1 1 1 1 1 1 2 2 6 1 1
Manchu (M ontrea l) 1 1 1 1 1 1 1 2 1 2 8
Manchulcota 1 1 1 1 1 1 1 2 2 2 6
M andarin Ottowaj 1 2  1 2  1 1 2 1 1 1 4
M andell 1 1 1 1 1 1 1 2 2 2 8 1 1
M anitoba Brown 1 1  1 2  1 1 2 2 2 5 1
Mansoy 1 1 1 1 1 1 1 2 2 2 2 1
Maple Arrow 1 1 1 1 1 1 2 1 1 2 6
Maple P r e s to 1 2  1 2  1 1 2 2 2 1 3
M arion 1 2  1 2  1 1 2 1 1 1 5
McCall 1 1 1 2  1 2 1 1 2 3
Mead 1 2  1 2  1 1 1 1 2 2 3 ,7
M e r i t 1 1 / 2  2 2  1 1 1 2 1 2 1 1
Midwest 1 1 2  1 1 1 2 2 2 2 1 1
M iles 1 1 1 2  1 1 1 1 1 2 5
M i l l e r  67 1 1 1 2  1 1 1 2 1 2 4 1 1
Mingo 1 1 1 1 1 1 1 1 2 2 6 1
PI No. o r  C u l t i v a r Enzymes: ADH Am TO AP LAP PGD GPD PGM D ia MPI IDH PGI GOT
Unknown, I n d i r e c t o r  Mixed O r ig in ( c o n ' t )
N o r th e rn  M a tu r i ty (con* t )
Minsoy 1 1 1 2  1 1 2 2 4 2 3 1 1
Mokapu Summer 1 1 1 2  1 2  2 1 1 2 7
Monroe 1 2  1 2. 1 1 1 1 1 1 5 1 1
Morsoy 1 1 1 2  1 1 2 1 , 2 2 2 5 1
Nedsoy 1 1 1 2  1 1 1 2 2 2 5,7
N o rc h ie f 1 1 1 2  1 1 1 1 2 2 6 1
Norman 1 2  1 2  1 1 2 1 2 2 4 1 1
N orredo 1 1 1 2  2 1 1 2 2 2 1 1 1
OAC 211 1 1  1 2  1 1 2 1 1 1 4
Oakland 1 1 1 2  1 1 1 2 2 2 1
Ogemaw 1 1 1 2  1 2  1 2 2 2 5 1 1
Oksoy 1 1 1 2  1 1 2 1 1 2 5
Ottawa 1 2  1 1 1 2 1 2 1 1 1
Pogoda 1 1 1 2  1 2  2 1 2 2 8 1 1
P a t t e r s o n 1 1 1 1 1 1 1 1 2 2 6 1 1
P e l l a 1 1 1 2  1 2  1 2 2 2 1
P e r ry 1 1 1 2  1 1 1 2 1 3 5 1 1
Pennsoy 1 1  1 1 1 1 2 2 2 2 8
P i x i e 1 1 1 2  1 1 2 2 1 2 7
P oland  Yellow 1 1 1 2  1 1 2 1 1 1 4
Po lysoy 1 1 3 2  1 1 1 2 2 2 2 1 1
Pomona 1 1 1 2  1 2  1 2 2 1 6
P o r ta g e 1 2  1 2  1 1 2 1 1 1 , 2 3,7 1 1
P o r tu g a l 1 1 1 2  1 2  1 1 2 1 7 1 1
P r id e s o y  57 1 1 1 2  1 1 1 1 2 2 4 1 1
P r i z e 1 1  1 2  1 1 2 1 1 1 8 1 1
P ro ta n a 1  2 2  1 1 1 1 2 2 6 1 1
P ro v a r 1 1 1 2  1 ]. 1 1 1 O 6 1 1
Rampage 1 1 1 2  1 1 1 2 1 2 2 1 1
R e n v i l l e 2 2  1 1 1 2 2 2 2 1 1
Roe 2 1 1 2  1 1 1 1 1 2 5 1 1







PI No. or C u l t i v a r  Enzymes: ADH Am TO AP LAP PGD GPD PGM D ia MPI IDH PGI
Unknown, Ind i r e c t o r  Mixed O r ig in ( c o n ' t )
N o r th e rn  M a tu r i ty  ( c o n ' t )
S c io to 1 1 1 1 1 1 1 2 2 2 2
S c o t t 1 , 2 1 1 2  1 1 2 1 I 2  1 , 3 , 5 , 7 1
Shelby 1 1 1 2  1 1 1 2 2 2 8 1
Sloan 1 1 1 2  1 1 2 2 1 1 1
Sooty 1 1 1 3  1 1 1 2 2 2 1
S oyso ta 1 1 3  2  1 1 1 2 1 2 3 1
S p r i t e 1 1 1 2  1 1 2 2 1 2 5
S t e e l e 1 2  2  2  1 1 1 1 1 2 4 1
S w ift 1 1 2  1 1 1 2 2 1 6
T ra v e r s e 1 1 2  1 1 2 1 2 2 2 , 6
Troy 1 1 1 1 1 2  2 2 1 2 2
Union 1 1 1 2  1 1 1 2 1 2 5
Vansoy 2  1 1 1 1 , 2  1 , 2 1 2 1 2
Verde 1 1 1 2  2 2  2 1 1 1 8 1
V ick e ry 1 1 1 2  1 1 2 2 2 1 6
V ik ing 1 1 2  1 1 1 1 2 2 8 1
V in ton 1 1 1 2  1 1 1 1 1 - 2 6
V in to n  81 1 1 2  1 1  1 1 1 2 8
V i r g in i a 1 1 1 2  1 1 1 2 2 2 3
Wabash 1 1 2  1 1 1 2 2 2 5
Wayne 1 1 1 2  1 1 1 2 2 2 7
Webber 1 1 1 2  1 1 1 2 2 1 6
W ells 1 2  1 2  1 1 1 2 2 2 8 1
W ells -2 1 2  1 2  1 1 1 2 2 2 8
W ilk in 1 1 2  2 1 1 2 1 1 7
W ill 1 1 1 2  1 1 1 2 1 2 5
W ill iam s 1 1 1 2  1 1 1 2 1 2 5
W illiam s 79 1 1 1 2  1 1 1 2 1 2 5
W ill iam s 82 1 1 1 2  1 1 1 2 1 2 5
Wing J e t 1 1 1 2  1 1 1 2 2 2 7
W irth 1 1 1 2  1 1 1 2 2 2 2







P I No. o r  C u l t i v a r  Enzymes: ADH Am TO AP LAP PGP GPD PGM D ia  MPI IDH PGI GOT
Unknown, I n d i r e c t  o r  Mixed O r ig in  ( c o n ' t )
N o r th e rn  M a tu r i ty  ( c o n ' t )
Woodworth 1 1 1 2 1 1 1 2 2 2 5
Wye 3 1 1 2 1 1 1 1 2 2 5
Yellow  M arvel 1 1 3 2 1 1 1 1 2 2 7
Each number i n  th e  body o f  t h e  t a b l e  r e p r e s e n t s  t h e  zymogram ty p e  o b se rv ed  f o r  t h e  p a r t i c u ­
l a r  enzyme (cOlumns) and c u l t i v a r  o r  p l a n t  i n t r o d u c t i o n  ( ro w s ) . When two o r  more numbers
a r e  l i s t e d ,  th e  c u l t i v a r  o r  P I had a  m ix tu re  o f  t h e s e  zymogram ty p e s .  The i n i t i a l  e l e c t r o ­
p h o r e t i c  s c r e e n in g  c o n s i s t e d  o f  an e x am in a t io n  o f  f i v e  seed s  ( e l e c t r o p h o r e s e d  in  fo u r  d i f f ­
e r e n t  g e l s )  from each  c u l t i v a r  o r  P I ,  t e s t e d  f o r  a l l  enzyme ty p e s .  I f  a l l  enzymes were 
n o t  s a t i s f a c t o r i l y  r e s o l v e d ,  o r  when u n u s u a l  r e s u l t s  ( i e .  mixed zymogram ty p e s )  w ere o b t a i n ­
ed , a d d i t i o n a l  se e d s  w ere t e s t e d  i n  su b se q u e n t  e l e c t r o p h o r e t i c  r u n s .  Thus, each  number in
th e  body o f  th e  t a b l e  r e p r e s e n t s  th e  o b s e r v a t i o n s  made on a  minimum o f  f i v e  s e e d s .  W ith
r e g a r d  to  th e  g e o g ra p h ic  o r i g i n s  l i s t e d  f o r  (J. max, o n ly  named c u l t i v a r s  d i r e c t l y  o r i g i n a t i n g  
from p l a n t  in d ro d u c t io n s  w i th  known o r i g i n s  w ere u sed  ( i e .  when p l a n t  i n t r o d u c t i o n s  w ere  named 
and th e n  r e l e a s e d ) .  Named c u l t i v a r s  p roduced  from h y b r i d i z a t i o n s ,  p l a n t  i n t r o d u c t i o n s  w i th  
unknown o r i g i n s ,  o r  o t h e r  i n d i r e c t  o r i g i n s  w ere c l a s s i f i e d  in  t h e  unknown, i n d i r e c t  o r  mixed 
o r i g i n  c a t e g o r y .
A d d i t io n s
CJ. s o j a  
A rea 5 -S o u th e m  Japan
Shizuoka Ken
407.055 1 2 1 2 1 1 2 2 2 1 1 1 1
G .  max 
Area 4-K orea
J e f f e r s o n  3 1 1 2 4 1 2 2 1 2 7 1 1
Appendix I I .  T i s s u e  ty p e  and d e v e lo p m e n ta l  s t a g e  a b b r e v i a t i o n s .
Abbreviation Description
C C o ty led o n ,  sam pled w i th in  24 h o u rs  o f  im b ib in g  w a te r
E E p i c o t y l ,  sam pled from two week e t i o l a t e d  s e e d l in g s
FI Whole f l o w e r ,  in c lu d in g  s e p a l s
GC Green c o t y le d o n ,  sampled from two week s e e d l i n g s  ( o r  o l d e r ) .
H H y p o c o ty l ,  sam pled from two week e t i o l a t e d  s e e d l in g s
IC Imm ature c o ty le d o n ,  sampled from  g reen  pods a t  l e a s t
t h r e e  weeks p r i o r  to  m a tu r i t y  
L L ea v es ,  s m a l l  young le a v e s  w ere used
N N o d u le s ,  sam pled from 2-^3 month g reen h o u se  p l a n t s  w hich
had been  in o c u la t e d  
P P o l l e n ,  c o l l e c t e d  from opened f lo w e rs
Pd Pod, s m a l l  young pods (1 -2  weeks a f t e r  p o l l i n a t i o n )  w ere
used
PL P o l l e n  L e a c h a te  ( s e e  m a t e r i a l s  and methods f o r  c o l l e c t i o n
p ro c e e d u re s )
R R o o ts ,  c o l l e c t e d  from 2-3  month g reenhouse  p l a n t s
Rd R a d ic le ,  c o l l e c t e d  from se e d s  2 -7  days a f t e r  g e rm in a t io n
number Any number fo l lo w in g  a l e t t e r  r e f e r s  to  th e  zymogram ty p e
f o r  t h a t  p a r t i c u l a r  enzyme
229
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